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Abbreviations
BAF
DAPl
GFP
GS丁
HDAC
PCR
SDS－PAG　E
SNH
SSX
SWVSNF
SYT
TSA
Brg1－or　Brahma－associated　factor
4’，6－Diamidino－2－phenyindole
green　fluorescent　protein
Glutathione　S－Transferase
Histone　De－Acetylase
Polymerase　chain　reaction
　　　　 　SDS－polyacrylamide　gel　electrophoresis
SYT　N－terminal　homology
Synovial　Sarcoma　X　chromosome　breakpoint
　　　switching　mating　typesl　sucrose　non－fermenting
Synovial　sarcoma　TranslocatiOn
Trichostatin　A
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　　　　　　　　　　　　　　　　　　　　　　　　　　　　Pretace
　　　　　　ln　eukaryotes，　gene　expression　is　mostly　controlled　at　the　Ieve］of
transcription．　Fir＄t，　ac輌vator　or　repressor　protein（s）binds　to　the　enhancer　region
and　regulates　the　function　of　basal　transcription　machineiy　that　contains　RNA
polymerase　at　the　promoter　region．　Binding　of　llctivators　to　enhancer　causes　up－
regulation　of　transcription，　and　repressors　cause　downイegulation　of　gene
expression（SupPlemental　figure　1）．
　　　　　　DNA　in　eukaryote　ceils　wrapped　around　to　histone　protein，　and　the　form　of
DNA　and　histone　constitute　basic　unit　of　chromatin　structure．　In　such　complex，　it
is　difficult　for　the　regulatory　proteins（activator　or　repres＄or）to　reach　the　enhancer
region．　Chromatin　remodeling　is　structural　change　that　is　caused　by　di＄ruption
of　DNA－histone　binding　by　using　the　energy　released　by　A丁P・hydrolysis．　The
structural　change　enables　access　of　regulator　protein＄to　DNA．　SWV　SNF
complex　is　well　known　proteins　that　are　required　for　chromatin　remodeling（see
supplemental　figure　2）．　SWI／SNF　complex　is　composed　of　9－12subunits．　BRM
（or　Brg1）is　the　core　subunit　that　has　ATPase　activity，　and　is　able　to　exert
chromatin　remodeling　by　itself．　Other　subunits　of　SWI／SNF　are　Iisted　in
supPlemental　figure　3．
　　　　　Synovial　sarcoma　accounts　for　7－1　O％of　all　soft　tissue　sarcomas　and
occurs　at　young　adu睦s　in　the　lower　and　upper　extremities．　It　has　been　found　that
t（X；1　8）（pl1　．2；ql1．2）chromosomal　translocation　occurs　in　about　ene－third　of　the
sarcomas．　SYT　and　SSX　genes　have　been　characterized　by　screening　a　synoval
sarcoma－derived　cDNA　library　in　1994、　Fusion　of　SY↑and　SSX　genes　was
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detected　in　many　patients　by　RT－PCR　analysis．
　　　　　ln　my　present　study，　to　measure　transcriptional　activity　of　SY－r，　l　used　Dual－
Luciferase　Reporter　A＄say　System（see　Supplemental　figure　4）．　This　system　has
been　usually　used　for　measurement　of　promoter．　lused　the　GAL4　DNA　binding
domairl　that　was　fused　with　SYT　wHd　type　or　its　mutant＄，　because　the　consensus
sequerlce　of　SYT　binding　has　not　yet　been　elucidated．　GAL4　protein－binding
site＄were　linked　to　the　upstream　of　CMV　promoter　region，　which　induces　strong，
constitutive　expression　in　a　variety　of　cell　types．　CMV　promoter　induced
transcription　of　Firefly　Luciferase　gene　which　encodes　the　enzyme，　luciferase，　that
catalyzes　luminescent　reaction．　At　the　same　time，　another　reporter　gene　was
transfected　as　an　internal　control．　The　reporter　contained　a　combination　of
thymidine　kinase（TK）promoter　and　Renilla　Luciferase（RL）gene．　The　TK
promoter　is　affected　by　neither　SYT　wild　type　nor　the　mutants．　Using　the　activity
of　RL　as　a　standard，　the　activity　of　Firefly　Luciferase　was　normalized　for　improving
experimental　accuracy．　The　formula　to　calculate　the　relative　luciferase　activities
is　shown　in　Supplemental　figure　4．
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　　　　　　　　　　　　　　　　　　　　　　　　　　　Abst「act
　　　SYT　gen6　encodes　a　protein　that　has　two　functional　domains，　namely　an　N－
terminal　SNH　domain　and　a　C－terminal　QPGY　domain　that　may　function　as　a
transcriptional　activator．　ln　synovial　sarcomas，　fusion　of　the　SYT　gene　on
chromosome　I8　to　the　SSX　gene　on　chromosome　X　is　generated，　and　as　the
result，　a　SYT－SSX　fusion　protein　is　produced．　lt　has　been　assumed　that
generation　of　this　fusion　protein　may　perturb　gene　expression　and　trigger　synovial
sarcoma　development．　However，　the　biological　functions　of　SYエSSX　and　SYT－
SSX　genes　have　remained　unclear．　in　this　study，　I　have　investigated　the
functions　of　SYエSSX　and　SYT－SSX　proteins　with　particular　attention　to　the
functional　domains　and　their　interaction　with　SWI／　SNF　complex，　a　protein　complex
that　is　involved　in　chromatin　remodeling　and　regulation　of　gene　transcription．
　　　　　Trarlsfections　of　Ga14　DNA　binding　domain　fusion　protein　constructs
revealed　that　SYT　protein　acts　as　a　transcriptional　co－activator　using　the　C－
terminal　domain　and　that　the　activity　is　repressed　through　the　N－terminus．　The
N－terminal　70　amino　acids　of　SYT　bind　not　only　to　BRM，　but　also　to　Brg1，both　of
which　are　subunits　of　SWI／SNF　chromatin　remodeling　complexes．　lfurther
irlvestigated　the　functions　of　BRM　and　Brgl　irl　the　repression　of　SYT　activity．　l
found　that　the　negative　regulation　of　SYT　transcriptional　activity　depend　on　the
ATP－hydrolysis　of　BRM　and　Brgl　in　the　protein　complexes，　This　indicates　that
the　SWI／SNF　protein　complexes　regulate　SYT　activity　using　the　chromatin
remodeling　aCtivity．
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Introduction
　　　　　Synovial　sarcoma　is　a　soft　tissue　tumor　and　mainly　appears　in　young　adults
limbs（dos　Santos　et　a1．2001）．　Cytogenetical　analysis　has　indicated　that
chromosomai　tranSlocatiOn　between　chromosome　18　and　chromosome　X，　t
（X；18）（p“．2；ql1．2），　causes　the　majority　of　these　tumors（Turc－Care［et　al．1987）．
The　molecular　analysis　of　the　gene　breakpoints　has　shown　that　the　SYT（SYnovial
sarcoma　Translocation）　gene　on　chromosome　18q11．2　is　disrupted　and
juxtaposed　to　SSX（Synovial　Sarcoma　X　chromosome　breakpoint）genes　on
Xp11．2　in　a　mutually　exclusive　fashion．　The　fusion　gene　is　transcribed　and
translated　as　a　chimeric　SYT－SSX　protein（Clark　et　ai．1994）as　shown　in
SupPlemental　figure　5．
　　　　　The　normal　SYT　gene　is　expressed　in　wide　range　of　human　tissues　and　cell
Iines，　including　those　derived　from　synovial　sarcoma（Crew　et　al．1995）．　The　SYT
protein　has　two　functional　domains　as　schematically　demonstrated　in
Supplemental　figure　5　and　Figure　1－A；aconserved　54　amino　acids　N－terminal
domain（termed　SNH　domain）and　a　C－terminal　domain　rich　in　glycine，　proline，
glutamine，　and　tyrosirle（QPGY　domain）that　functions　as　a　transcrip甘onal
activator（Thaete　et　a1．1999）．　The　sequences　which　have　been　characterized　as
DNA　binding　domains　are　not　detectable　in　the　SYT　sequence，　therefo　re　the
biological　function　of　SYT　has　remained　still　unclear．　The　SSX　genes　are　part　of
afamily　of　which　nine　members　have　been　identified　on　the　X　chromosome（dos
Santos　et　al．2001）．　丁hey　show　restricted　expression　in　normai　tissues，　confined
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to　the　testis　and　lower　levels　in　the　thyroid（Crew　et　aL　1995；Gure　et　ai．1997），
SSX　proteins’contain　a　KRAB（KRuppel－Associated　Box）domain　at　the　N－
terminus　and　an　SSXRD（SSX　Repression　Domain）at　the　C－terminus（Lim　et　aL
i998）．　ThelSYT－SSXI　fusion　gerle　is　translated　into　a　chimeric　protein　in　which
the　C－terminal　8　amino　acids　of　the　SYT　protein　are　replaced　by　78　amino　acids
（amino　acid　residues　111to　188）from　the　SSXI　C－terminus（Clark　et　al．1994　and
SupPlemental　figure　5）．
　　　　　Using　the　Gal4　DNA　binding　domain　fusion　proteins，　it　has　been
demonstrated　that　SYT　has　strong　transcriptional　activity　in　the　C－terminus（QPGY
domain）and　the　activity　is　regulated　through　the　N－terminal　region（Brett　et　al．
1997），　lt　was　also　shown　that　SYT　interacts　and　co－localizes　with　BRM（Thaete
et　al．1999），　which　is　one　of　the　components　of　the　SWI／SNF　chromatin　remodeling
complexes（Kornberg　and　Lorch　1999；Vignali　et　al．2000；Wang　et　aL　1996）．　The
biological　function　of　BRM　for　SYT　activity　has　remained　unclear．
　　　　　ln　this　study，　I　have　further　investigated　the　functions　of　SY丁，　SSX　and
SYT－SSX　proteins　with　particular　attention　to　the　functional　domains　and　their
interaction　with　SWII　SNF　complex．　Here、　l　demonstrate　that　BRM　and　its
homologue，　Brg1，　negatively　regulate　SYT　transcriptiona［activity　through　their
binding　to　the　N－terminus　of　SYT．
Results
N・terminal　Domain　Negatively　Regulates　the　Transcripti◎nal　Activity　of　C－
termirlal　Domain　in　SYT
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　　　　　The　human　SYT　protein　is　composed　of　387　amino　acids　and　has　no
homology　to’any　known　protein．　It　was　shown　that　SYT　has　tran＄criptional
activity（Thaete　et　al．1999；Brett　et　a目997）．　To　find　the　SYT　functional　domain
in　the　transabtivation，　l　analyzed　a　luciferase　reporter　assay　with　fusing　SYT　and
its　deletion　mutants　to　the　Gal4　DNA　binding　domain　（Fig．1A）．　The
transcriptional　activity　of　the　C－terminal　domain（SYT－E）was　strong，　but　that　of　the
wi【d　type（SYT－VVT）or　the　N－terminal　domain（SYT－A）was　weak　in　NlH／3丁3　cell
（Fig．　I　B）．　This　result　suggests　that　the　N－terminal　domain　negatively　regulates
the　transcriptional　activity　of　C－terminal　domain　in　SYT，　as　same　as　previously
reported（Brett　et　al．1997）．
　　　　　　　BRM　and　Brgl　lnteract　and　Colocalize　with　SY7
　　　　　Recently，　it　was　shown　that　a　chicken　BRM　birlds　to　SYT　in　vitro（Thaete　et
a置．1999）and　that　human　BRM（amino　acid　residues　156　to　205）interacts　with
SYT　N－terminal　domain　by　co－immunoprecipitation　analysis（Nagai　et　aL　200t）．
BRM　is　one　of　components　of　SWIISNF　complex，　which　is　involved　in　chromatin
structure　remodeling　in　an　ATP－hydrolysis　dependent　fashion（Vignali　et　aL　2000）．
lfound　that　the　interaction　domairl　of　BRM　with　SYT　shares　homo［ogy　with　Brg1
（Fig．2A），　which　is　an　another　component　of　SWIISNF　complexes．　To　examine
the　direct　interaction　between　SYT　and　BRM　or　Brg1，lanalyzed　a　binding　actMty
of　the　fu旧ength　of　BRM　or　Brgl　to　the　SYT　N－terminal　domain．　Ga14－SYT
mutants　that　contain　SYT」A（amino　acid　residues　i　to　t80＞，　SYT－B（amino　acid
residues　l　to　70）and　SYT」C（amino　acid　residues　71　to　180）were　fused　to　GST
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（Glutathione　S－Transferase）protein．　GST－Gal4－SYT　mutant　proteins　purified
from　Escherichia　co1’were　immobilized　on　glutathione－sepharose　beads　and
incubated　with－fuli　length　of　BRM　or　Brgl　purified　from　Sfg　cells．　After　washing
the　beads，　the　bound　proteins　were　separated　by　SDS－PAGE　and　detected　by
antトBRM　and　anti－Brgl　antibodies，　respectively．　BRM　and　Brgl　interacted　with
GST－SY丁一A　and　GST－SYT－B，　but　not　GST－SYT－C（Fig．2B，　lane　7，8and　9，　and
2C，　iane　7，8and　9）．　These　resuits　suggest　that　both　of　BRM　and　Brgl　bind　to
the　N－terminal　70　amino　acids　of　SYT．
　　　　　To　examine　whether　BRM　and　Brgl　are　able　to　bind　to　fulHength　SYT　in
mammalian　ceils，　l　performed　an　immunoprecipitation　assay　with　293T　cell．
When　flag　tagged　SY丁一WT　was　co－transfected　with　BRM　or　Brgl，　BRM　or　Brgl
was　immunoprecipitated　with　SYT　by　anti・・flag　antibody　M2（Fig．2D，　lane　3　and　7）．
However，　when　flag　tagged　SYT－D　that　was　deleted　N－terminal　domain　was　used，
BRM　or　Brgl　was　not　immunoprecipitated（Fig．2D，　lane　4　and　8）．　These　results
suggested　that　BRM　and　Brgl　interact　with　SYT　through　its　N－terminal　domain　in
the　celi．
　　　　　　NeXt，　to　see　the　localization　of　SYT、　BRM　and　Brgl　in　the　cel1、　GFP－SY丁
expression　vector　was　co－transfected　with　BRM　or　Brgl　in　SW13　cell．　SYT　was
detected　by　autofluorescence．　BRM　and　Brgl　were　detected　by　specific
antibodies　to　each　protein．　lfound　that　SYT　Iocalized　in　nuclei，　and　BRM　and
Brgl　also　mainly　localized　in　nuclei（Fig．2E）．　Merged　stains　suggested　that　BRM
or　Brgl　colocalized　with　SYT　in　nuclei（Fig．2E）．
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BRM　and　Brgl　Negatively　Regulate　Transcriptional　Activity　of　SYT
　　　　　To　examine　whether　BRM　or　Brgl　has　any　effects　on　the　SYT
transcriptional　activity，　l　analyzed　the　activities　of　SYT－VVT，　SYT－A，　and　SYT－E　in
SW13　cell　that　expresses　undetectable　levels　of　BRM　and　Brg1（Wang　et　al．　1996；
DeCristofaro　et　al．2001）．　SYT－WT　showed　strong　transcriptional　actMty　similar
to　SYT－E　in　both　of　BRM　and　Brgl　deficient　cell　line（Rg．3A）．　This　result
suggests　that　the　SYT　N－terminal　domain　is　no　effect　on　the　activity　of　its　C－
terminal　domain　in　BRM　and　Brgl　deficient　cell，　unlikely　in　NIH／3T3　cell　that　was
detected　BRM　and　Brg1．　To　examine　whether　the　difference　of　the　SYT－WT
transcription　activity　in　between　SWI3　cell　and　NiH　13T3　cell　was　dependent　on
expression　levels　of　BRM　and　Brg1，　the　SYT－WT　activity　was　ana匿yzed　by　co－
transfection　of　BRM　or　Brgl　in　SW13　and　NIH／3T3　cells．　The　SYT－WT
transcriptional　activity　was　repressed　by　addition　of　BRM　or　Brgl　with　dose
dependently　in　SWI3　cell，　but　not　in　NIH／3T3　cell（Fig．　3B，3C　and　data　not　shown）．
in　another　cell　C33A　that　also　expresses　undetectable　Ievels　of　BRM　and　Brg1
（Wang　et　al．1996；DeCristofaro　et　al．2001）as　same　as　SW13　cell，　the　SyT－VVT
activity　was　repressed　by　addition　of　BRM　or　Brg1（data　not　shown）．　These
results　suggest　that　BRM　or　Brgl　negatively　regulates　the　SYT－W丁activity　in
cultured　ce］ls．　Next、　to　test　whether　BRM　and　Brgl　repress　SYT　transcriptional
activity　through　the　SYT　N－terminal　70　amino　acids　domain　that　is　the　binding
domain　to　BRM　and　Brg1，ianalyzed　the　activity「　of　SYT－F　in　which　the　N・－terminal
70　amino　acids　were　fused　to　the　SYT　C－terminal　transactivation　domain（Fig．　I　A）
in　SW13　and　C33A　ce睦s．　SYT－F　transactivation　activity　was　repressed　by
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addition　of　BRM　or　Brg1，but　that　of　SYT－E　was　not　affected（Fig．3D，3E　and　data
not　shown）．　These　resuits　suggest　that　BRM　and　Brgl　negatively　regulate　SYT
transcriptional　actMty　through　their　binding　to　the　SYT　N－terminal　70　amino　acids．
BRM　and　Brgl　Negatively　Regulate　Transcriptional　Activity　of　SYT　using
A’「P－hydrolysis　in　SWVSNF　Complexes　Containing　BAF47b
　　　　　lt　was　known　that　BRM　or　Brgl　makes　SWI／SNF　protein　complexes　with　a
匪ot　of　proteins．　To　examine　whether　repression　by　BRM　or　Brgl　is　dependent　on
their　protein　complexes，　l　analyzed　the　SYT－WT　activity　in　G401　cell　that
expresses　undetectable　Ievels　of　BAF47b，　one　of　the　subunits　in　the　SWVSNF
complexes（Versteege　et　al．1998；DeCristofaro　et　al．　i　999；DeCristofaro　et　al．
2001）．　The　SYT－WT　transcriptional　actMty　was　high　in　BAF47b　deficient　cell（Fig．
4A）as　previously　shown　in　BRM　and　Brgl　deficient　cells，　SWI3（Fig．3A）．　The
SYT－WT　actMty　was　repressed　by　addition　of　BAF47b　with　dose　dependently（Fig．
4A）．　This　result　suggests　that　BAF47b　also　works　for　the　repression　of　the　SYT
activity　and　that　BRM　and　Brgl　regulate　SYT　transc巾tional　actMty　in　the
SWIISNF　complexes．
　　　　　lt　was　shown　that　BRM　or　Brgl　has　ATPase　activity，　which　is　important　for
chromatin　structure　remodeling　actMty　of　SWI／SNF　complexes（Vignali　et　al．2000）．
Then，　to　examine　the　effect　of　ATPase　activity　of　BRM　or　Brgl　on　the　repression
actMty，　I　analyzed　the　SYT－WT　actMty　by　addition　of　ATPase　deficient　BRM　or
Brgl　in　SWI3　cell．　The　SYT－WT　transactivation　was　not　repressed　by　addition　of
ATPase　deficient　BRM　or　Brg1（Fig．4B　and　C）．　These　results　suggest　that　BRM
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and　Brgl　may　regulate　SYT　tran＄criptional　activity　using　chromatin　remodeling
with　ATP－hydrOlysis　in　SWI／SNF　complexes．
Negatively　Regulation　of　SYT　Activity　by　SWVSNF　Complexes　was
lndependent　on　the　Histone　Deacetylase　Activity
　　　　　lt　was　known　that　some　of　the　SWIISNF　complexes　contain　HDAC（Histone
De－Acetylase）　protein　and　show　the　repression　activity　for　several　gene
transcriptions（Trouche　et　al．1997；Harbour　and　Dean　2000；Kuzmichv　et　aL　2002）．
To　examine　whether　the　histone　deacetylase　activity　has　any　e行ects　on　the　SYT
repression　activity　by　BRM　and　Brg1，1　analyzed　the　SYT－WT　activity　by　addition　of
TSA（Trichostatin　A），　which　is　a　histone　deacetylase　inhibitor，　in　SW13　ceil．
However，　TSA　has　no　effect　on　the　repression　activity　by　BRM　and　Brgi（Fig．5B
and　D）．　This　resuIt　indicates　that　the　SYT　repression　activity　by　BRM　or　Brgl　was
independent　on　the　histone　deacetylase　activity．
　　　　　　　Activity　of　SSX　and　SYT－SSXI　were　independent　of　BRM／Brgl
　　　　　ln　synovial　sarcoma　cases，　t　（X；18）（pl1．2；q11．2）　chromosomal
translocation　is　observed．　The　resulting　chimeric　genes　express　SY丁一SSX　fusion
proteins　in　which　the　SYT　C－terminal　amino　acids　are　replaced　by　amino　acids
柞om　the　SSX　C－terminus．　SSXI　is　one　of　the　first　identified　SSX　proteins　that　are
fused　to　SYT　in　synovial　sarcomas．　SSXI　encodes　protein　of　188　amino　acids
and　contains　the　KRAB　at　the　N－terminus．　The　KRAB　is　present　in　a　subgroup　of
zinc　finger　proteins　and　is　involved　in　transcriptional　repression．　丁he　SYT－SSXI
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fusion　protein，　in　which　the　C－terminal　8　amino　acids　of　SYT　are　replaced　by　78
amino　acids　from　the　C－terminal　domain，　including　amino　acid　residues　Ml　to　188
0f　SSX1，　repressed　SYT　transcriptional　activity（Fig．6A）as　previously　reported
（Brett　et　aLII997）．　This　suggests　that　SSXI　has　another　repression　domain
（SSXRD）di什erent　from　the　N－terminal　KRAB　domain．　τb　examine　any　effects　of
BRM　and　Brgl　on　the　repression　activity　by　the　SSXRD　of　SSX1，　l　analyzed　the
actMties　of　SYT－SSXI　and　SSXI　with　or　without　BRM　and　Brgl　in　SWI3　cell．
SYT－SSXI　and　SSXI　have　little　transcriptional　activity　with　or　without　BRM　and
Brg1（Fig．6B　and　C）．　These　results　suggest　that　the　C－terminal　fused　domain
including　SSXRD　of　SSXI　to　SYT　is　able　to　repress　SYT　activity　independent　of
BRM　and　Brg1．
Discussion
　　　　　Recent　investigations　have　revealed　that　SYT　and　BRM　proteins　are
present　in　the　same　nuclear　speckles　and　irlteract　in　vitro　and　in　vivo（Thaete　et　al．
1999；Nagai　et　aL　2001）．　BRM　is　a　component　of　human　SWIISNF　complexes，
which　positively　or　negatively　regulate　transcriptions　of　several　genes　by　chromatin
structure　remodeling　activity（Vignaii　et　al．2000＞．　lhave　confirmed　this
interaction　and　in　addition　have　demonstrated　for　the　first　time　that　Brgl，which　is
the　BRM　homologue　and　another　component　of　SWIISNF　complexes，　also
lnteracts　with　SYT　by　using　GST　pu1トdown　and　coimmunoprecipitation
experiments（Fig・2B，　C　and　D）．　These　interactions　were　dependent　on　the　N－
terminal　70　amino　acid　residues　of　SYT．　Furthermore，　l　have　found　that　Brg1
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coiocalized　with　SY丁in　the　nucleus　of　the　cultured　cell　as　same　as　BRM（Fig．2E）．
　　　　　Although　SYT　is　known　to　be　a　transcriptional　co－activator，　there　was　no
experimental　data，　which　demonstrate　the　functional　effects　of　BRM　on　the　activity
of　SYT．　Since　the　SYT　lacks　obvious　DNA　binding　domains，　l　anaiyzed　the
activity　of　SYT　using　a　luciferase　reporter　assay　with　SYT　fused　to　the　Gal4　DNA
binding　domain（Fig．1）．　lhave　found　that　the　activity　of　the　fuli－length　SYT　is
weaker　than　that　of　the　N－terminal－domain・deleted　mutant　in　NIHI3T3　cells（Fig．
1B），　indicating　that　the　activity　of　SYT　was　negatively　regulated　through　its　N－
terminal　domain　in　NlH／3T3　cells．　Recently，　it　was　shown　that　the　SYT－SSXI
fusion　protein　has　a　colony　forming　activity　and　the　activity　is　suppressed　by　the
ever・・expression　of　the　SYT　binding　domain　of　BRM（Nagai　et　ai．200f）．　These
findings　Ied　us　to　hypothesize　that　BRM　or　Brgl　may　negatively　regulate　the　SY丁
activity　through　its　binding．　Therefore，　I　analyzed　the　activity　of　SYT　in　BRM　and
Brgl　deficient　cells（SWI3　and　C33A）．　The　activity　of　the　full－length　SYT　is
strong　as　same　as　the　N－terminal　domain－deleted　mutant　in　these　cells（Fig．3A
and　data　not　shown），　indicating　that　the　N－terminal　domain　did　not　inh盲bit　the
activity　in　BRM　and　Brgl　deficient　ceHs（SWI3　and　C33A）．　This　indicates　that
BRM　and　Brgi　could　be　candidates　for　repressor　of　the　actMty　of　SYT．　ln　these
ceIIs，　l　have　found　that　the　activity　of　the　fu旧ength　SYT　is　repressed　by　addition　of
BRM　and　Brg1，but　that　of　the　N－terminal　domain　deleted　mutant　is　not（Fig．3B，　C，
Dand　E）．　These　indicate　that　BRM　and　Brgl　negatively　regulate　SYT
transcriptional　actMty　through　their　binding　to　the　SYT　N－terminus．
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　　　　　The　chromatln　structure　remodeling　factors　which　depend　on　A丁P－
hydrolysis　wefe　originally　described　as　the　yeast　SWIISNF　complex，　which　is
composed　of　several　subunits　and　positively　regulates　a　HO　gene（Stern　et　al．
1984）．　Human　homologues　of　these　subunits，　which　have　ATPase　domain，　have
been　identified　as　BRM　and　Brg1（Muchardt　and　Yaniv　1993；Khavari　et　aL　1993）．
Ihave　found　that　the　negative　regulation　of　the　activity　of　SYT　is　needed　for　ATP－
hydrolysis　of　BRM　or　Brg1（Fig．4B　and　C）．　Like　this　repression，　it　was　shown
that　Brgl　negatively　regulates　the　gene　expression　of　cyclin－A　and　cイos　genes
using　ATP－hydrolysis　of　Brg1（Murphy　et　a1．1999；Strobeck　et　al．2000）．　The
repression　of　the　cyclin－A　gene　by　Brgl　was　also　dependent　on　HDAC　activity
（Zhang　et　aL　2000）．　Then，　l　analyzed　the　effects　of　a　histone　deacetylase
inhibitor　TSA　on　the　repression　of　the　SYT　activity　by　BRM　and　Brg1．　However，
TSA　has　no　effects　on　the　repression（Rg．6）．　These　resuIts　suggested　that
SWVSNF　complexes　have　at　least　two　pathways　to　repress　gene　expressions　in
dependence　or　independence　on　HDAC　activity．　l　specuiate　that　SWI／SNF
complexes　negatively　regulate　the　transcriptional　co－activator　activity　of　SYT　by
recruiting　transcriptional　negative　factors　to　the　promoter、　or　by　masking　or
changing　the　structure　of　the　C－terminai　active　domain　of　SYT　using　ATP－
hydrolysis　energy．
　　　　　Recently，　it　was　shown　that　SYT　also　interacts　with　a　putative　transcriptional
factor　AFIOthrough　the　N－terminal　90　amino　acid　residues　of　SYT，　and　with　an
acetyl　transferaseftranscriptional　co－factor　p300　through　the　N－teminal　250　amino
acid　residues　of　SYT（Eid　et　al．2000；de　Brujin　et　a1．2001a）．　However　these
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binding　domains　of　SY丁are　overlapped．　lt　is　unknown　whether　these　proteins
interact　togeth6r　with　SYT　or　compete　for　the　binding．　［t　was　shown　that　p300
interacts　with　SYT　only　during　the　Gl　cell　cycle　phase（Eid　et　aL　2000），　and　that
human　SWI！SNF　complexes　are　inactivated　prior　to　chromosome　condensation　in
G2／M　phase　and　re－activated　during　Gl　phase（Muchardt　et　al．，1996）．　These
suggested　that　the　transcriptional　co－activater　activity　of　SYT　may　be　regulated　in
the　cell　cycle　phase．
　　　　　The　BRM　and　Brgl　interacting　region（amino　acids　l　to　70）of　SYT　contains
the　so－called　SYT　N－terminal　homology（SNH）domain（Fig．7）．　Originally，　the
SNH　was　identified　in　EST　sequences　derived　from　wide　variety　of　species　ranging
from　plants　to　human（Thaete　et　al．、1999）．　These　EST　sequerlces　indicate　that
some　of　them　are　derived　from　SYT　orthologs　in　mouse，　rat，　zebrafish　and
Xenopus，　while　others　are　derived　from　novel　SYT　homologous　genes　from　human，
mouse　and　rat（丁haete　et　al．，1999；de　Bruijn　et　a1，2001a）．　Two　human　genes　of
these　homologues，　SS18Ll　and　SS18L2，　were　mapped　in　chromosome　20q13．3
and　3p2t，　respectively．　The　SS18LI　protein　has　two　functional　domains；the　N－
terminal　SNH　domain　and　the　C－terminal　glycine，　proline，　glutamine，　arld　tyrosine
rich（QPGY）domajn　as　same　as　SYT，　and　has　63％sequence　homology　of　SYT
（Thaete　et　al．，1999；de　Bruijn　et　al，2001b）．　Recently　it　was　found　that　the
SS18Ll　gene　was　fused　to　SSXI　gene　in　synovial　sarcoma（Storlazzi　et　al．，2003）．
These　may　inCticate　that　SS18Ll　functions　in　normal　tissue　as　same　as　SYT，　and
the　activity　is　regulated　by　BRM　and　Brgt　comp【exes．　On　the　other　hand，　the
SSI82　protein　has　the　N－terminal　SNH　domain　but　not　the　C－terminal　QPGY
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domain（Thaete　et　aL，1999；de　Bruijn　et　al，2001b＞，　which　is　a　transcriptional　co－
activator　actMtY　domain　in　SYT．　This　may　indicate　that　the　SS18L2　can　bind　to
BRM　and　Brg1，　and　functions　as　a　positive　regulator（antトrepressor）of　the
transcriptional　co－activator　actMty　of　SYT　and　SSI8Ll　．　Aconsensus　tyrosirle
phosphorylation　site　was　found　in　the　SNH　domains　of　SYT　and　its　homologues
（Fig．5and　de　Bruiln　et　al．，2001a）．　Since　tyrosine　phosphorylation　may　play　an
important　role　in　protein－protein　interaction　and　protein　trafficking（Pawson，1995），
this　conserved　tyrosine　phosphorylation　site　may　ser》e　to　modulate　the　various
interactions．
　　　　　SYT　i＄originally　identified　as　a　fusion　partner　to　SSXI　in　t（X；18）synoviaI
sarcomas　and　AF10is　also　identified　as　a　fusion　partner　to　MLL　in　t（10；1i）positive
acute　leukemias．　BAF47b，　which　is　a　subunit　of　human　SWI／SNF　complexes，　is
krlown　to　be　a　susceptive　gene　in　rhabdoid　tumors（Versteege　et　aL，　i998）．
lnteracting　of　these　proteins　with　SYT　suggested　that　target　genes　of　SYT　may　not
only　have　implications　for　synovial　sarcoma　but　also　for　development　of　other
tumors．　丁herefore，　it　is　unchangingly　important　to　find　the　target　genes　of　SYT
and　to　ana［yze　the　regulations　of　the　genes　by　SYT　through　BRM，　Brgl　and　other
binding　proteins　for　understanding　synovial　sarcoma　development．
Experimental　procedures
Plasmid　Constrロction
　　　　　SYT　mutant　cDNAs　fused　to　Gal4　DNA　binding　domain（DBD）were　inserted
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in　EcoRI　and　Hind　lIl　sites　of　pCI－Neo（Promega）and　pGEX23b（Amersham
Pharmacia　Biotech）．　SYT　mutants　also　are　constructed　with　pCMV－Tag2
（Stratagene）without　GAL4　DBD．　BRM　cDNA　was　inserted　in　EcoRl　site　of　pCl－
NEO　and　Brgl　was　inserted　in　BamHl　and　Xho　l　sites　of　pcDNA3．1（lnvitrogen）．
After　the　ATPase　mutants　of　BRM（K751A＞and　Brg1（K785A）were　made　by　PCR，
they　were　sequenced　and　inserted　in　pcDNA3．1．　BAF47b　cDNA　was　inserted　in
BamHl　and　Sal　l　sites　of　pcDNA3．1．　pG51uc（Promega）contains　5　Gal4　binding
sites　and　the　adenovirus　major　Iate　promoter　upstream　of　firefly且uciferase　gene．
pRL－TK（Promega）is　used　as　a　measure　of　transfection　efficiency　to　normalize　the
firefly　luciferase　values．　GFP－SYT－WT　expression　vector　was　constructed　by
inserting　in　Kpn　1　and　Not　1　sites　of　pQBl　25－fC2（WAKO　Chemical　USA，　lnc）．
Cell　culture，　repor量er　assay　and　expression　of　human　BRM　and　Brgl　in
insect　ceIl
　　　　　NlH13T3，293T，　SW13，　and　C33A　cells　were　maintained　in　Dulbecco’s
modified　Eagle’s　medium（DMEM），　NIH／3丁3　cell　was　grown　supplemented　with
10％calf　serum，　and　other　cells　were　supplied　10％fetal　calf　serum．　G401　ce［l
was　cultured　in　RPMI　Medium－1640（lnvitrogen）supplemented　with　10％calf
serum．　Transfections　of　alI　expression　vectors，　pG51uc　and　pRL－TK　were　carried
out　using　by　LIPOFECTAMINE　PLUS　Reagent（lnvitrogen）．　After　36　hours　of
transfection，　the　cells　in　24　we闘pl　ates　were　washed　by　PBS　and　analyzed　fo「
luciferase　activities　in　triplicate　in　each　transfection　experiment　using　by　Dual－
Luciferase　Repor亡er　Assay　System（Promega＞．　Sfg　insect　cell　was　grown　in
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Grace’s　Insect　Medium（invitrogen）supplemented　with　10％fetal　calf　serum．
Eixpression　probedure　of　human　BRM　or　Brgl　in　Sfg　insect　cell　was　performed
using　BAC－TO－BAC　Baculovirus　Expression　System（1　nvitrogen）．
GST　pull・down　assay
　　　　　GST－Gal4－SYT　mutant　DNAs　were　transformed　in　BL21　pLys－S（Novagen）．
Bacterial　cells，　that　expressed　GST　fusion　proteins　were　harvested　and
resuspended　in　buffer　A［50mM　Tris－HCI（pH　7．5），1mM　EDTA，500mM　NaCl，
Protease　inhibitors】．　After　sonication，　the　lysates　were　centrifuged　for　30　minutes
at　8000rpm．　The　supernatants　were　incubated　with　Glutathione　Sepharose　4B
beads（Amersham　Pharmacia　Biotech）at　4℃for　l　hours　and　the　beads　were
washed　with　buffer　A　for　4　times．　The　Sfg　cells　expressed　FLAG　tagged　BRM　or
Brgl　were　washed　with　PBS　and　resuspended　in　buffer　B［10　mM　Tris－HCl（pH
8．0），10mM　GIycerol，0．15M　NaCl，　O．1％Nonidet　P－40，5mM　2－Mercaptoethanol，
Protease　inhibitors】．　After　sonication，　the　lysates　were　centrifuged　for　30　mlnutes
at　15000rpm．　The　supernatants　were　incubated　with　30μl　of　anti　FLAG　M2
Agarose（Sigma）at　4℃for　overnight　and　washed　with　bu行er　B　for　5　times．
Bound　proteins　were　eluted　with　buffer　B　containing　O．2mg／ml　of　FLAG　peptide
（Sigma）．　The　eluates　were　incubated　with　GST－beads　immobilized　GST－Gal4－
SYT　mutants　in　buffer　B　at　4℃for　4　hours．　The　beads　were　washed　with　buffer
Bwithout　2－Mercaptoethanol　for　4　times　and　resuspended　in　sample　buf「er　The
bound　proteins　were　separated　by　8％SDS－PAGE（SDS－polyacrylamide　gel
electrophoresis）and　analyzed　with　anti－BRM（sc－6450二Santa－cruz）and　anti－Brgl
ig
（sc－8749：Santa－cruz）antibodies．　The　ECL　System　（Amersham　Pharmacia
Biotech）was　us6d　for　detection　on　RX－U　X－ray　films（Fuji）．
lmmunoprecipitation
　　　　　The　expression　vectors　of　FLAG　tagged　SYT　mutants（without　GAL4　DNA
binding　domain），　BRM　and　Brgl　were　transfected　to　293T　by　LIPOFECTAMINE
PLUS　Reagent．　After　36　hours，　the　ceils　were　washed　and　suspended　in　NP－40
Lysis　Buffer　IIOmM丁ris－HCI（pH7．8），1％Nonidet　P－40，0。15M　NaCl，1mM　EDTA，
Protease　inhibitorsl．　Then　Iysates　were　centrifuged　for　30　minutes　at　15000rpm．
The　supernatants　were　incubated　with　30ml　of　anti　FLAG　M2　Agarose　at　4℃for
overnight　and　washed　with　NP－40　Lysis　Buffer　for　4　times．　The　bound　proteins
were　detected　by　Western　blot．
lmmunotluorescence　microscopy
　　　　　Expression　vectors　of　GFP－SYT－WエHA　tagged　BRM　or　Brg　l　were
transfected　in　SW13　using　same　method　of　immunoprecipitaion．　After　24h，　the
cells　were　removed　to　chamber　slide，　incubated　more　24h，　fixed　with　3％
formaldehyde　in　for　PBS　lOmin．　After　washing　by　PBS，　the　ceils　were　permealized
with　O、i％Polyoxyehylene（10）Octylphenyl　Ether　in　PBS　for　5min，　and　washed　by
PBS．　The　slide　was　incubated　in　Blocking　Buffer（2％Normal　swine　serum　in　PBS）
for　20min．　Cells　were　incubated　with　primary　antibody　for　overnight　at　4℃，washed
by　PBS　3　times，　incubated　with　secondary　antibody　for　40min　at　room　temperature．
As　primary　antibodies　were［used　anti－BRM（sc－6450　and　sc－6449：Santa－cruz），
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anti．Brgt（sc－8749：Santa－cruz）・As　sec。ndary　antib・dies，　l　used　Rh°damine－
c。nlugated　d。nkey　anti－9。at（sc－2094：Santa－cruz）・Finally，　the　slide　was　m°unted
with　DAPI，and　visualized　under　Leica　DM旧D　microscope　with　apPropriated　filters，
and　images　were　acquired　by　Leica　Q刊uoro・
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S叩plementaR　Figure　1．
　　　　Schematic　model　of　regulation　of　gene　expression　in　eukaryotes．　SWIISNF
complex　is　a　complex　of　multiple　subunits　and　involved　in　chromatin　remodeling
which　enables　access　of　regulator　proteins，　activators　or　repressors　of　gene
expression，　to　DNA．　Subsequently，　basal　transcription　factors　interact　with
promoter　to　initiate　transcription．
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Supplemental　Figure　2・
　　SWII　SNF　complex　causes　chromatin　remodeling　by　disrupting　DNA－histone
complex　by　using　the　energy　released　by　ATP－hydrolysis．　Then，　activators　or
repressors　become　to　interact　with　naked　DNA．　BRM（or　Brg1）is　the　core
subunit　that　has　ATPase　activity　in　the　SWI／　SNF　complex．
●
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S叩Plemental　Figure　3．
Subunit　components　in　human　SWI／SNF　complex．
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SupPlemental　figure　3
SupPlemental　Figure　4・
　　　Dual－luciferase　reporter　assay　system　for　measurement　of　transc巾tional
activity　of　SYT　in　this　study．　5repeats　of　GAL4　protein－binding　sites　were　llnked
to　the　upstream　of　CMV　promoter　which　controls　expression　of　firefly　luciferase
gene（Reporter　1）．　On　the　other　hand，　GAL4　DNA　binding　domain（Gal4　DBD）
was　fused　with　SYT　wild　type　or　its　mutants．　Transcriptional　activity　of　SYT　can
be　estimated，　when　Gal4　DBD　binds　to　GAL4　DNA　binding　sites．　As　an　internal
contro1，　a　combination　of　thymidine　kinase（TK）promoter　and　Renilla　iuciferase
（RL）gene　was　prepared（Reporter　2）．　The　formula　to　calculate　the　relative
Iuciferase　activities　is　shown　in　the　bottom．
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Supplemental　Figure　5・
　　　Schemat韮c　demonstration　of　the　molecular　structures　of　SYT　gene　product，
SSX　gene　pr。duct　and　a　chlmeric　SYT－SSX　pr。teln・SYT　P「°tein　has㈱
functional　domains，　a　conseぎved　54　ami轟o　aclds　N－terminal　domain（deslgna言ed　as
SNH）and　a　C－terminal　domain　rich　in　glycine，　proline，　glutamine，　and　tyrosine
（designated　as　QPGY）that　functions　as　a　transcriptional　activator．　SSX　proteins
contain　a　KRAB　domain　at　the　N－term韮nus　and　an　SSXRD（SSX　Repress韮on
Domain＞at　the　C－terminus．　ln　the　SYT－SSX1沁s韮on　protein，　C－terminal　8　amino
acids　of　the　SYT　prOtein　are　replaced　by　78　am韮no　aclds（amino　acid　residues　l　l　l
to　l　88＞from　t轟e　SSX　C－terminus．
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Figure　1．
　　　　　Schematic　structures　and　transcriptiona匪activities　of　SYT　deletion　mutant
proteins．　（A）All　constructs　have　fused　to　the　Gal4　DNA　binding　domain（Gal4）．
Numbers　indicate　the　amino　acid　positions．　The　arrow　represents　the　position　of
translocatlon　to　SSXs　in　synovial　sarcoma．　The　SYT　protein　has　two　functional
domains；a　conserved　54　amine　acids　N－terminal　domain　and　a　C－terminal　domain
rich　in　glycine，　proline，　glutamine　and　tyrosine（QPGY　domain）that　functions　as　a
transcriptlonal　activator．　（B）Transcrlptional　activities　of　Gal4－SYT　proteins　in
NIH／3T3　cell．　pG51uc　reporter（0．25μg）was　cotransfected　with　increasing
amounts（α1ng，　O．2ng，0．5ng　and　l　ng）of　Gal4－SYTLVVT，　Gal4－SYT－A　and　Ga14－
SYT－E　in　NlH／3T3　cel1．　Luciferase　activity　in　the　cell　lysate　was　normalized　with
Renilla　luciferase　activity　of　pTK・－RL　as　an　internal　control．　The　activity　in　the
presence　of　pGsluc　and　pGal4－DBD（Gal4　DNA　binding　domain　alone）was　set　at
1．
32
AhSYT
SYT－W「
SYT－A
SY丁一B
SYT－C
SYT－D
SYT・E
SYT－F
SNH QPGY
Break　point
　　379
　　　387
379
160
140
120
100
80
60
40
20
　　0
B
　　　　　璽
■　　一　　■　　纈■■　　一　　■
　　　　　70
－■一　一　　一
　　　　　　　　　　180
　　　　70－－　　　　71　　　　180
繭　　■　　■　－
　　　　71
■　　■■■　　一
181
181
Aiiiiiilllll
GaI4－SYT－WT
Aiiiiiillll
Gal4－SYT－AGal4－SYT－E
Figure　1
Figure　2．
lnteractions　of　the　N－terminal　70　amino　acids　of　SYT　with　BRM　and　Brg1．
（A）C。mparis・n　betWeen　the　regi・n・f　BRM　b・und　t。　SYT（Nagai　et　ai・2°°1）and
the　h。m。1。gy　d・main。f　Brgl．丁he　b。xes　highlight　the　amin。　acids　that　exhibit
identity（shaded）。r　h。m。1・gy（・pen）・（B，　C）Beads　b・und　t。　GST－Ga14，　GST－
Gal4－SYT．A（amin・acid　residues　l　t。180），　GST－Gal4－SYT－B（amin°acid
reSidues　1　t。70）。r　GST－Gal4－SYT－C（amin・acid　residues　71　t・180）we「e
incubated　with　the　purified　BRM・r　Brgl．丁he　b。und　pr。teins　were　separated’by
SDS・－PAGE　and　detected　by　antトBRM（B）or　anti－Brg1（C）antibody．　Lane　l
indicates　the　input　purified　BRM。r　Brgl　pr・tein・Lanes　2　t・5　indicate　fracti°ns
unb。und　t。　GST．fusi。n　pr。teins．　Lanes　6　t・9　indicate　fracti・ns　b・und　t・GST－
fusi。n　pr・teins．（D）SYT－WT　was　b。und　t。　BRM／　Brgl　in　viv・，　but　S　YT－D
（rem。va1。f　the　N－terminal　70　amin。　acids）was　n。t・　Expressed　Flag　tagged　SYT
mutants　and　BRMI　Brgl　into　293T　ceil，　immunoprecipitation　by　M2　agarosel　then
the　b。und　pr・teins　were　detected　with　BRM1　Brgl　antib。dy・（E）SYT　p「°tein
colocalized　with　BRMI　Brgl　in　vivo．　Panel　a－d；GFP－SYT－WT　and　Brgl　were
cotransfected　in　SWI3　cell．　Detection　by　GFP　auto刊uorescence（a）or　indirect
immunofluorescence　with　anti－Brgl　antibOdies（b）and　overlay（c）showed　SYT
and　BRM　were　colocalized　in　nuclear（d）．　Panel　e－h；SWI3　cell　transfected　with
GFP－SYT－WT　and　BRM　and　detected　by　autofluorescence　（e），
immunofiuorescence　with　ant卜BRM　antibody（f），　Overlay　panel（g）showed
　colocalization　between　these　proteins　in　nuclear（h）・
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Figure　3．
　　　　　SYT　transcriptional　activities　in　BRM　negative　cells・　（A）pG51uc　reporter
（0．25μg）was　cotransfected　with　increasing　amounts（1　ng，5ng，10ng，20ng）of
Gal4－SYT－WT，　Gal4－SYTLA　and　Gal4－SY1：E　in　SWI3　cell　that　express
undetectable　ievels　of　BRM．（B，　C）BRM　and　Brgl　repress　SYT　transcriptional
activity　in　SW13　cell　that　express　undetectable　levels　of　BRM　and　Brgt．　pG51uc
reporter（0．25μg）was　cotransfected　with　Gal4－SYT－WT　in　SW13cell．　lncreasing
amounts（〇四，0．1μg，0．5μg）of　BRM－pCIN　or　Brg1－pcDNA3．1　were　cotransfected．
（D，E）BRM　and　Brgl　repress　SYT　transcriptional　activity　through　their　binding　to
the　N－termma［domain　of　SYT．　pG51uc　reporter（0．25四）was　cotransfected　with
Gal4－SYT・E　and　Gal4－SYTLF　in　C33A，　BRMIBrgl　deficient　celL　lncreasing
amounts（0μg，0．1μg，0．5μg）of　BRM（D）or　Brg1（E）expression　vectors　were
cotransfected．
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Figure　4・
　　　　　Repressi・n。f　SYTtranscripti。nal　actMty　by　BRM　and　Brg1　was　dependent
on　another　subunit（BAF47b）of　SWl1SNF　complexes　and　on　ATP－hydroiysis　of
BRM。r　Brg1．（A）SYT－W丁has　str。ng　transcripti。nal　activity　in　BAF47b　negative
cell（G401）．　pG51uc　reporter（0．25四）was　cotransfected　with　the　increaslng
am。unts（O．Ol　Pt9，0．05　Pt9，0」μ9）・f　Gal4－SYT－WT　in　G401　cell・BAF47b
represses　SYT　transcriptional　activity．　　pG51uc　reporter　（0．25μg）　was
cotransfected　with　Gal4－SYT－WT（0．1四）in　G401　celL　lncreasing　amounts（Optg，
0．01μgand　O．1四）。f　BAF47b－pcDNA3」were　c。transfected・（B・C）SYT
transactivation　activity　was　not　repressed　by　ATP－hydrolysis　deficient　mutants　of
BRM　and　Brgt．　pG5iuc　rep。rter（O．25μ9）was　c。transfected　with　Gal4－SYT－WT
in　SW13　cel1．　lncreasing　amounts（0．11tg，0．5四）of　wild　type　BRM（BRM－WT）
and　ATP－hydrolysis　deficient　BRM［BRM－ATPase（一）］（B）and　of　wild　type　Brg1
（Brg1－VVT）　and　ATP－hydrolysis　deficient　Brg1　［Brg1－AτPase（一）】　（C）　were
cotransfected．
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Figure　5．
　　　　　SYT言ranscriptional　repression　of　BRM／Brgl　was　not　affected　by　Hlstone
deacetylase　activity．（A，　B）Trichostatln　A（TSA），　Histone　deacetylase　inhlbiter　was
not　effected　SYT　transcriptional　repression　by　BRM．　pG51uc　reporter（0．25μg）
was　cotransfected　with　Ga14－DBD（Gal4）or　Gal4－SYT－WT（0」μg）in　SW13　cell．
Expression　of　BRM（0．5μg）suppressed　SYT　activation　both　in　treatment　of　50ng　l
ml　TSA　for　24h　before　Luciferase　assay（A）and　untreated（B），　（C，　D）Brgl　also
suppressed　SYT　transactivaion　abiiity　in　presence　of　50　ng　lmI　TSA．　These　results
indicated　SYT　transcriptional　repression　by　BRM　or　8rg　l　does　not　involve　histone
deacetylase　activity．
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Figure　6．
　　　　　SSXI　and　SYT－SSXI　transcrlptional　activities　were　not　detected　with　or
without　BRM　and　Brg1．　（A）pG51uc　reporter（0、25μg）was　cotransfected　with
increaslng　amounts（0．01四，0」μg　and　i．Opg）of　Ga14－SYTLWT　and　Gal4－SYTL
SSXI　in　SW侶cell．（B，　C）pG51uc　reporter（0．25μg）was　cotransfected　with
Gal4－SSX1（0．1四）and　Gal4－SYT－SSX唾（0．勧g）ln　SW13　cell．　lncreasing
amounts（0μg，0．1μg　and　e．5ptg）of　BRM（B）and　Brg1（C）expression　vectors　were
cotransfected．
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Fig悶「e　7．
　　　　　Amino　acids　comparison　in　N－terminal　region　of　human　SYT，　SS18LI　and
SSI82．　The　boxes　highlight　the　amino　acids　that　exhibit　identity．　Putative
tyrosine　phosphorylation　motif【（K／R）XX（D／E）XXXY］　was　encompassed　by　shaded．
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1
Abstract
The　t（X；t8）（pl1．2；q11，2）translocation　found　in　synovial　sarcomas　results　in　the
fusion　of　the　SYT　gene　on　chromosome　18to　the　SSX　gene　on　chromosome　X．
Although　the　SYTLSSX　fusion　proteins　may　trigger　synovial　sarcoma　development，
the　biological　functions　of　SY工　SSX　and　SYT」SSX　genes　are　unclear．
Transfections　of　Gal4　DNA　binding　domain　fusion　protein　constructs　demonstrate
that　SYT　protein　acts　as　a　trarlscriptionai　co－activator　at　the　C－terminal　domain　and
that　the　activity　is　repressed　through　the　N－terminus．　The　N－terminal　70　amino
acids　of　SYT　bind　not　only　to　BRM，　but　also　to　Brg1，both　of　which　are　subunits　of
SWVSNF　chromatin　remodeling　comp！exes．　Here　we　have　investigated　the
functions　of　BRM　and　Brgl　on　the　repression　of　SYT　activity．　The　negativeiy
regulation　of　SYT　transcriptional　co－activator　activity　is　dependent　on　the　ATP－
hydroiysis　of　BRM　and　Brg　1　in　the　protein　complexes．　This　indicates　that　the
SWI／SNF　protein　complexes　regulate　SYT　activity　using　the　chromatin　remodeling
actMty．
2
　lntroduction
Syn。vial　sarc。ma　is　a　s。行tissue　tum。r　and　mainly　apPears　in　y。ung　adults　limbs
（dos　Santos　et　al．2001）．　Cytogenetical　analysis　indicates　that　chromosomal
t「anslocation・t（X；18）（pl　1・2；q11・2）causes　the　majority　of　these　tumors（Turc－Carel
et　aL　1987）．　丁he　molecular　analysis　of　the　breakpoints　has　shown　that　the　SYT
（SYn。vial　sarc。ma・Transl。cati・n）gene。n　chr。m・s・me　18ql1．2　is　disrupted　and
juXtap・sed　t。　SSX（Syn・vial　Sarc。ma　X　chr・m・s・me　breakp・int）genes。n
Xpl　1．2　in　a　mutually　exclusive　fashion．　The　fusion　gene　is　transcribed　and
translated　as　a　chimeric　SYT－SSX　protein（Clark　et　al．1994）．　The　normal　SYT
gene　ls　expressed　in　wide　range　of　human　tissues　and　cell　lines，　including　those
derived　from　synovial　sarcoma（Crew　et　al．1995）．　The　protein　has　tWo　functional
domains；a　conserved　54　amino　acids　N－terminal　domain　and　a　C－terminal　domain
rich　in　glycine，　proline，　giutamine，　and　tyrosine（QPGY　domain）that　functions　as　a
transcriptional　activator（Thaete　et　al．1999）．　丁he　SYT　lacks　obvious　DNA
binding　domains，　therefore　the　biological　function　of　SYT　is　still　unclear．　The　SSX
genes　are　part　of　a　family　of　which　six　members　have　been　identified　on　the　X
chromosome（dos　Santos　et　al．2001）．　They　have　restricted　expression　in　normal
tissues，　c・nfined　t・the　testis　and　1。wer　levels　in　the　thyr。ld（Gure　et　al．1997）．
SSX　proteins　contain　a　KRAB（Kruppel－Associated　Box）domain　at　the　N・－terminus
and　an　SSXRD（SSX　Repression　Domain）at　the　C－terminus（Lim　et　aI．1988）．
The　SYT－SSXI　fusion　gene　is　translated　into　a　chimeric　protein　in　which　the　C．
terminal　8　amino　acids　of　the　SYT　protein　are　replaced　by　78　amino　acids（amino
acid　residues　111to　188）from　the　SSXI　C－terminus（Clark　et　al、1994；dos　Santos
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et　al．2001）．　Aithough　the　SYT－SSX　fusion　proteins　may　trigger　synovial　sarcoma
deve1°pment，　the　bi・1。gical　functi。ns。f　SYT，　SSX　and　SY丁一SSX　genes　are
　unclear．
　　　ltwassh・wn　that　SY丁interaCts・and・c。－1・calizes　with　BRM（Thaete　et　aL　1999），
which　is・ne・f　c・mp・nents・f　human　SWIISNF　c・mplexes（Wang　et　al．1996；
K。mberg　and　L。rch　i999；Vignali　et　al．　2。00）．　The　SWIISNF　c。mpiex　was　first
cha「acterized　in　Sa・chafi・myces・erevisiae　and　affected　transcripti・nal　actMty　by
m°difying　the　chr。matin　structure　in　vicinity。f　target　pr・m。ters（Vignali　et　al．
2000＞．Since　the　activity　of　yeast　SWI〆SNF　complex　is　dependent　on　an　ATP－
hydrolysis，　SWI2　protein，　which　is　a　subunit　of　the　complex　and　has　a　DNA－
dependent　ATPase　actMty，　is　a　key　player．　Two　proteins，　BRM　and　Brg1，closely
related　to　the　yeast　SWI2　have　been　identified　in　human．　These　proteins　are
associated　with　human　SWI／SNF　complex，　composed　of　at　least　8　other　proteins，
including　a　yeast　SNF5　homologue　BAF47b．　Within　this　complex，　the　two　SWI2
related　proteins　are　mutually　exclusive，　indicating　that　at　least　tWo　versions　of　the
human　SWIISNF　complexes．　Both　BRM　and　Brgl　can　interact　with　BAF47b，
indicating　that　the　two　proteins　have　common　molecular　partners　of　the　BAF47b
（Muchardt　et　aL・1995）・lt　was　kn・wn　that　the　human　SWVSNF　c。mplexes　can
positively　and　negative］y　regulate　the　gene　expressions．
　　Although　it　was　shown　that　the　SYT　is　a　transcri　ptional　co－activator　and
lnteracts　with　BRM（Thaete　et　aL　1999），　there　is　no　evidence　demonstrating　the
functi・nal　effects・f　BRM・n　the　SYT　activity．　ln　this　paper，　we　rep。舳at　BRM
and　its　homologue，　Brg1，repress　the　transactivation　of　SYT．　The　repression　by
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BRM°「B「gl　c・rrelates　with　its　ATP－hydr。lysis　actMty　as　a　functi・nal　c。mp。nent
°fthe　human　SWIISNF　c・mplex・　lnterestingly，　this　repressi・n　is　independent。n
HDAC　activity．
　　　　　　　　　　1
5
Results
N－terminal　Domain　Ne　ativel　Re　ulates　the　Transcri　tional　Activi　of　C－terminal
Domain　irl　SYT
The　human　SYT　protein　is　composed　of　387　amino　acids　and　has　no　homology　to
any　known　protein．　丁he　protein　has　a　C－terminal　domain　rich　in　glycine，　proline，
glutamine，　and　tyrosine（QPGY　domain）that　is　found　in　several　transcriptional
activators．　It　was　shown　that　SYT　is　a　transcriptional　co－activator（Brett　et　al．
1997；Thaete　et　al．1999）．　Since　the　SYT　lacks　ebvious　DNA　binding　domains，　to
find　the　SYT　functional　domain　in　the　transactivation，　we　analyzed　a　luciferase
reporter　assay　with　fusing　SYT　and　its　deletion　mutants　to　the　Gal4　DNA　binding
domain（Fig．1A）．　The　transc巾tional　actMty　of　the　C－terminal　domain（SYT－E）
was　strong，　but　that　of　the　wild　type（SYT－WT）or　the　N－terminal　domain（SYT－A）
was　weak　in　293T　cell（Fig．　I　B）．　This　result　suggests　that　the　N－terminal　domain
negatively　regulates　the　transcriptional　activity　of　C－terminai　domain　in　SYT，　as
same　as　previously　reported（Brett　et　al．　i　997）．
Recently，　it　was　shown　that　a　chicken　BRM　binds　to　SYT　in　vitro（Thaete　et　al．
i999）and　that　human　BRM（amino　acid　residues　156　to　205）interacts　with　SYT
N－terminal　domain　by　co－immunoprecipitation　analysis（Nagai　et　al．2001）．　BRM
Is　one　of　components　of　SWIISNF　complex，　which　is　involved　in　chromatin
structure　remodeling　in　an　Ar「P－hydrolysis　dependent　fashion（Vignali　et　a1．2000）、
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We　found　that　the　interaction　domain　of　BRM　with　SYT　shares　homology　with　Brg1
（Fig．　2A），　which　is　another　component　of　SWIISNF　complexes．　To　examine　the
direct　interaction　betWeen　SYT　and　BRM　or　Brg1，we　analyzed　a　binding　activity　of
the　fu111ength　of　BRM　or　Brgl　to　the　SYT　N－terminal　domain．　Gal4－SY丁mutants
that　contain　SYT－A（amino　acid　residues　l　to　i　80），　SYT－B（amino　acid　residues　l
to　70）and　SYTLC（amino　acid　residues　71　to　180）were　fused　to　GST（Glutathione
S－Transferase）protein．　GST－Ga14－SYT　m　utant　proteins　purified　from　Escherichia
oo〃were　immobilized　on　glutathione－sepharose　beads　and　incubated　with　full
Iength　of　BRM　or　Brgl　purified　from　Sfg　ceils．　After　washing　the　beads，　the
bound　proteirls　were　separated　by　SDS－PAGE　and　detected　by　antトBRM　and
anti－Brgl　antibodies，　respectively．　BRM　and　Brgl　interacted　with　GST－SYT－A
and　GST－SYT－B，　but　not　GST－SYT－C（Fig．2B，　Iane　7，8and　9，　and　2C，　lane　7，8
and　9）．　丁hese　results　suggest　that　both　of　BRM　and　Brgl　bind　to　the　N－terminal
70amino　acids　of　SYT．
　　　To　examine　whether　BRM　and　Brgl　are　able　to　bind　to　full－length　SYT　in
mammalian　ceUs，　we　performed　an　immunoprecipitation　assay　with　293T　cel1．
When　fiag　tagged　SYT－WT　expression　vector　was　co－transfected　with　BRM　or
Brgl，BRM　or　Brgl　was　coimmunoprecipitated　with　SYT　by　anti－flag　antibody　M2
（Fig．2D，　Iane　3　and　7）．　However，　when　flag　tagged　SYT－D　that　was　deleted　N－
terminal　domain　was　used，　BRM　or　Brgl　was　not　coimmunoprecipitated（Fig．2D，
1ane　4　and　8）．　These　resu］ts　suggested　that　BRM　and　Brgl　interact　with　SYT
through　its　N－terminal　70　amino　acids　in　the　cel［．
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　　　For　a　further　validation　of　the　SYTIBRM　and　SYTIBrgl　interactions，　we
determined　the　sub－cellular　localizations　of　these　　proteins　using
immuno刊uorescence　assay．　Afull－length　SYT　was　cloned　in－frame　with　the
green　fiuorescent　protein（GFP）construct．　GFP－SYT　was　co－transfected　with
BRM　or　Brgl　in　SWI3　ceil．　After　co－transfection，　GFP－SYT　was　detected　by
autof且uorescence．　BRM　and　Brgl　were　detected　by　specific　antibodies，
respectively，　GFP－SYT　green　signaIs　and　Brgl　red　signals　were　observed　in
punctate　configurations（Fig．2E，　a　and　b）．　After　overlay　a　mixed　color（ye口ow）
was　observed　for　almost　signals（Fig．2E，　c），　which　is　indicative　for　a　colocalization
of　SYT　and　BRM．　DAPI　counter－staining（Fig．2E，　d）indicated　that　the
colocalizing　signals　were　present　irl　the　nudeus．　Similar　coloca匪ization　of　SYT
and　BRM　in　the　nucleus　was　observed（Fig．　E，　e－h）．　A　punctate　pattern　of
colocalization　signals　also　observed　after　transfection　with　flag　tagged　fu［1－length
SY丁and　Brg1（data　not　shown）．
BRM　and　Br　l　Ne　ativel　Re　ulate　Transcri　tional　ActM　of　SYT
To　examine　whether　BRM　or　Brgl　has　any　effects　on　the　SYT　trarlscriptional
activity，　we　analyzed　the　activities　of　SY丁一WT，　SYT－A，　and　SYT－E　in　SWI3　celI
that　expresses　undetectable　levels　of　BRM　and　Brg1（Wang　et　al．1996；
DeCristofaro　et　al．2001）．　SYT－VVT　showed　strong　transcriptional　actMty　similar
to　SYT－E　in　both　of　BRM　and　Brgl　deficient　cell　line（Fig．3A）．　This　result
suggests　that　the　N－terminal　domain（amino　acids　l　to　180）of　SYT　is　no　effect　on
the　transcriptional　co－activator　activity　of　its　C－terminal　domain（amlno　acids　181　to
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379）in　BRM　and　Brgl　deficient　cell，　unlikeiy　in　293T　cell　that　was　detected　BRM
and　Brg1　（Rg．　IB）．　To　examine　whether　the　difference　of　the　SYT－WT
transcription　activity　in　between　SWI3　cell　and　293T　cell　was　dependent　on
expression　levels　of　BRM　and　Brgl，the　SYT－WT　actMty　was　analyzed　by　co－
transfection　of　BRM　or　Brgl　in　SWI3　and　293T　celis．　The　SYT－WT
transcriptional　actMty　was　repressed　by　addition　of　BRM　or　Brgl　with　dose
dependently　in　SW13　cell，　but　not　in　293T　cell（Fig．3B，3C　and　data　not　shown）．
ln　another　cell　C33A　that　also　expresses　undetectable　levels　of　BRM　and　Brgl
（Wang　et　al．1996；DeCristofaro　et　al．2001）as　same　as　SW13　cell，　the　SYT－WT
activity　was　repressed　by　addition　of　BRM　or　Brgl（data　not　shown）．　丁hese
results　suggest　that　BRM　or　Brgl　negatively　regulates　the　SY丁一WT　activity　in
cultu　red　cells．　NeXt，　to　test　whether　BRM　and　Brgl　repress　SYT　transcriptiona［
actMty　through　the　SYT　N－terminal　70　amino　acids　domain　that　is　the　birlding
demain　to　BRM　and　Brg1，　we　analyzed　the　activity　of　SYT－F　in　which　the　N－
terminal　70　amino　acids　were　fused　to　the　SYT　C－terminal　transactivation　domain
（Fig．　I　A）in　SW13　and　C33A　cells．　SYT－F　transactivation　actMty　was　repressed
by　addition　of　BRM　or　Brg1，but　that　of　SYT－E　was　not　affected（Fig．3D，3E　and
data　not　shown）．　丁hese　results　suggest　that　BRM　and　Brgl　negatively　regulate
SYT　transcriptional　actMty　through　their　binding　to　the　SYT　N－terminal　70　amino
aclds　domain．
BRM　and　Br　t　Ne　ativel　Re　ulate　Transcri　tional　Activi　of　SYT　usin　ATP一
hdrol　sis　in　SWI／SNF　Com」exes　Cofitainin　BAF47b
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lt　was　known　that　BRM　or　Brgt　makes　SWI／SNF　protein　complexes　with　a　lot　of
proteins・To　examine　whether　repression　by　BRM　or　Brgl　is　dependent　on　their
protem　complexes，　we　analyzed　the　SY丁一WT　actMty　in　G401　cell　that　expresses
undetectable　levels　of　BAF47b，　one　of　the　subunits　in　the　SWIISNF　complexes
（Versteege　et　al・1996；DeCristofaro　et　al．1999　and　2001）．　The　transcriptional
activity　of　SYT－WT　was　high　as　same　as　that　of　SYT－E　in　BAF47b　deficient　cell
（data　not　shown）as　previously　shown　in　BRM　and　Brgl　deficient　cell，　SW13（Fig．
3A）．　The　SY丁一WT　activity　was　repressed　by　addition　of　BAF47b　with　dose
dependently（Fig．4A）．　This　result　suggests　that　BAF47b　also　works　for　the
repressio「i　of　the　SYT　activity　and　that　BRM　and　Brgl　regulate　SYT　transcriptional
activity　in　the　SWI／S　NF　complexes、
　　　　lt　was　shown　that　BRM　or　Brgl　has　ATPase　actMty，　which　is　important　for
chromatin　structure　remodeling　activity　of　SWIISNF　complexes（Vignali　et　al．2000）．
Then，　to　examine　the　effect　of　ATPase　activi’ty　of　BRM　or　Brgl　on　the　repression
activity，　we　analyzed　the　SYT－WT　actMty　by　addition　of　ATPase　deficient　BRM　or
Brgl　in　SW13　cell．　The　SYT－WT　transactivation　was　not　repressed　by　addition　of
ATPase　deficient　BRM　or　Brg1（Fig　4B　and　C＞．　These　results　suggest　that　BRM
and　Brgl　may　regulate　SYT　transc巾tional　activity　using　chromatin　remodeling
with　ATP－hydrolysis　in　SWIISNF　complexes．
　　　It　was　known　that　some　of　the　SWI／SNF　complexes　contain　HDAC（Histone
deacetylase）　protein　and　show　the　repression　actMty　for　several　gene
transcriptions（Zhang　et　al．2000；Kuzmichv　et　ai．2002）．　To　examine　whether　the
histone　deacetylase　activity　has　any　effects　on　the　SYT　repression　activity　by　BRM
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and　Brg1，we　analyzed　the　SYT－VVT　actMty　by　addition　of　TSA（Trichostatin　A），
which　is　a　histone　deacetylase　inhibitor，　in　SW13　cell．　However，　TSA　has　no
effect　on　the　repression（data　not　shown）．　丁his．　result　indicates　that　repressien　of
the　SYT　activity　by　BRM　or　Brgl　was　independent　on　the　histone　deacetylase
activi’ty．
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Discussion
Recently，　observations　have　revealed　that　SYT　and　BRM　protems　are　present　in
the　same　nuclear　speckles　and　interact　in　vitro　and　in　vivo（Thaete　et　al．1999；
Nagai　et　aL　2001）。　BRM　is　a　component　of　human　SWIISNF　complexes，　which
positively　or　negatively　regulate　transcriptions　of　several　genes　by　chromatin
structure　remodeling　activity（Vignali　et　al．2000）．　We　have　confirmed　this
interaction　and　have　newly　demonstrated　that　Brg1，which　is　the　BRM　homologue
and　another　component　of　SWIISNF　complexes，　also　interacts　with　SYT　by　using
GST　pull－down　and　coimmunoprecipitation　experiments（Fig．2B，　C　and　D）．
These　interactions　were　dependent　cn　the　N－terminal　70　amino　acid　residues　of
SYT．　Furthermore，　we　have　found　that　Brg1　colocalized　with　SYT　in　the　nucleus
of　the　cultured　cell　as　same　as　BRM（Fig．2E）．
　　　Since　the　SYT　lacks　obvious　DNA　binding　domains，　we　analyzed　the　activity　of
SYT　using　a　luciferase　reporter　assay　with　fusing　to　the　Gal4　DNA　binding　domain
（Fig．　1）．　We　have　found　that　the　actMty　of　the　ful卜length　SYT　is　weaker　than　that
of　the　N－terminal　domain　deieted　mutant　in　293T　cell（Fig．　I　B），　indicating　that　the
actMty　of　SYT　was　negatively　regulated　through　its　N－terminal　domain　in　293T　cell．
Recently，　it　was　shown　that　the　SYT－SSXl　fusion　protein　has　a　colony　forming
activi　ty　and　the　activity　is　suppressed　by　the　over－expression　of　the　SYT　binding
domain　of　BRM（Nagai　et　al．2001）．　These　findings　led　us　to　hypothesize　that
BRM　or　Brgl　may　negatively　regulate　the　SYT　actMty　through　its　binding．
Therefore，　we　analyzed　the　activity　of　SYT　in　BRM　and　Brgl　deficient　cells（SW13
and　C33A）．　The　actMty　of　the　fulI－length　SYT　is　strong　as　same　as　the　N一
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termina［domain　deleted　mutant　in　these　cells（Fig．3A　and　data　not　shown），
indicating　that　the　N－terminal　domain　did　not　inhibit　the　activity　in　BRM　and　Brgl
deficient　cells（SW13　and　C33A）．　This　indicates　that　BRM　and　Brgl　could　be
candidates　for　repressor　of　the　activity　of　SYT．　［n　these　celis，　we　have　found　that
the　activity　of　the　full－length　SYT　is　repressed　by　addition　of　BRM　and　Brg1，but
that　of　the　N－terminal　domain　deleted　mutant　is　not（Fig．3B，　C，　D　and　E）．　These
indicate　that　BRM　and　Brgl　negatively　regulate　SYT　transcriptional　activity　through
their　binding　to　the　SYT　N－terminus．
　　The　A「「P－hydrolysis　dependent　chromatin　structure　remode［ing　factors　were
originally　described　as　the　yeast　SWI／SNF　complex，　which　is　compo＄ed　of　several
subunits　and　positively　regulates　a　HO　gene（Stern　et　al．1984）．　Human
homologues　of　these　subunits，　which　have　ATPase　domain，　have　been　identified
as　BRM　and　Brgl（Muchardt　and　Yaniv　1993；Khavari　et　al．1993）．　We　have
found　that　the　r】egatively　regulation　of　the　activity　of　SYT　is　needed　for　ATP－
hydrolysis　of　BRM　or　Brgl（Fig、4B　and　C）．　Like　this　repression，　it　was　shown　that
Brgi　negatively　regulates　the　gene　expression　of　cyclin－A　and　cイos　genes　usmg
ATP－hydrolysis　of　Brg1　（Murphy　et　al．1999；Strobeck　et　ai．2000）．　The
repression　of　the　cyclin－A　gene　by　Brgl　was　also　dependent　on　HDAC　activity
（Zhang　et　aL　2000）．　Then，　we　anaiyzed　the　effects　of　a　histone　deacetylase
inhibitor　TSA　on　the　repressbn　of　the　SYT　activity　by　BRM　and　Brgl．　However，
TSA　has　no　ef「ects　on　the　repression（data　not　shown）．　These　resuits　suggested
that　SWIIS　N　F　complexes　have　at　least　tWe　pathways　to　repress　gene　expressions
in　dependence　or　independence　on　HDAC　activity．　We　speculate　that　SWI／SNF
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complexes　negatively　regulate　the　transcriptionai　co－activator　activity　of　SYT　by
recruiting　transcriptional　negative　factors　to　the　promoter，　or　by　masking　or
changing　the　stru〔加re　of　the　C－terminal　active　domain　of　SYT　using　A丁P－
hyd　rolysis　energy．
　　　Recently，　it　was　shown　that　SYT　also　interacts　with　a　putative　transcriptionai
factor　ARO　through　the　N－terminal　90　amino　acid　residues　of　SYT，　and　with　an
acetyl　transferasettranscriptional　co－factor　p300　through　the　N－terminal　250　amino
acid　residues　of　SYT（Eld　et　ai．2000；de　Brujin　et　al．2001a）．　However　these
binding　domains　of　SYT　are　over［apped，　it　is　unknown　whether　these　proteins
inte　ract　together　with　SYT　or　compete　for　the　binding．　lt　was　shown　that　p300
interacts　with　SYT　only　du而g　the　Gl　cell　cycle　phase（Eid　et　al．2000），　and　that
human　SWI／SNF　complexes　are　inactivated　prior　to　chromosome　condensation　in
G2／M　phase　and　re－activated　during　Gl　phase（Muchardt　et　aL，1996）．　These
suggested　that　the　transcriptional　co－activator　activity　of　SYT　may　be　regulated　in
the　cell　cycle　phase．
　　The　BRM　and　Brgl　interacting　region（amino　acids　l　to　70）of　SYT　contains　the
so－called　SY丁N－terminal　homology（SNH）domain（Fig．1）．　Originally，　the　SNH
was　identified　in　EST　sequences　derived　from　wide　variety　of　species　ranging　from
plants　to　human（Thaete　et　a【．，1999）．　These　EST　sequences　indicate　that　some
of　them　are　derived　from　SYT　orthologs　in　mouse，　rat，　zebrafish　and　xenopus，
while　others　are　derived　from　novel　SYT　homologous　genes　from　human，　mouse
and　rat（Thaete　et　al．，1999；de　Bruijn　et　al，2001　a）．　Two　human　genes　of　these
homologues，　SSt8Lt　and　SS｛8L2，　were　mapPed　in　chromosome　20q133　and
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3p21，　respectively．　The　SS18LI　protein　has　two　functional　domains；the　N－
terminal　SNH　domain　and　the　C－terminal　glycine，　pro韮ine，　glutamine，　and　tyrosine
rich（QPGY）domaln　as　same　as　SYτand　has　63％sequenoe　homology　of　SYT
（Thaete　et　al．，｛999；de　Bru恥et　al，200fb＞．　Recently　it　was　found　that　the
SSI8Lt　gene　was　fused　to　SSXI　gene　in　synovial　sarcoma（Storlazzi　et　al．，2003）．
These　may　indicate　that　SSI8Ll　functions　in　normal　tissue　as　same　as　SYT，　and
the　activity　is　regulated　by　BRM　and　Brgl　complexes．0員窒he　other　hand，　the
SS18L2　protein　has　the　N－terminal　SNH　domain　but　not　the　C－terminai　QPGY
domain（Thaete　et　al．，1999；de　Bruiln　et　al，200ib），　which　is　a　transcriptional　co－
actlva重or　activity　domain　in　SYT．　This　may　indicate　that　the　SS18L2　can　bind　to
BRM　and　Brgt，　and　functions　as　a　positive　regulator（anti－repressor）of　the
transcriptional　co－activator　activ薩y　Of　SYT　and　SSI8Ll．　Aconsensus　tyresine
phosphorylation　slte　was　found　in　the　SNH　domains　of　SYT　and　its　hornologues
（de　Br明n　et　aL，2001a）．　Since　tyrosine　phosphorylation　may　play　an　important
roIe　in　proteln－proteln醸eraction　and　protein　trafficking（Pawson，1995），　this
conserved　tyrosine　phosphorylation　site　may　senve　to　modulate　the　various
interactめns．
　　SY丁is　origlnally　identified　as　a　fusion　partner　to　SSXI　in　t（X；18）synovial
sarcomas　and　AFI　O　is　also　identified　as　a　fusion　partner　to　MLL　in　t（10；11｝positive
acute　leukemias．　BAF47b，　which　is　a　subunit　of　human　SWMSNF　complexes，　is
known　t◎be　a　susceptive　gene　ln　rhabdoid　tumors（Versteege　et　al．，　i998）．
韮nterac重ing　of崩ese　proteins　with　SY丁suggested　that　target　genes　of　SYT　may　not
only　have　implicatlons　for　synovial　sarcoma　but　alse　for　development　of　other
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tumors．　Therefore，　it　is　important　to　flnd　the　target　genes　of　SYT　and　to　analyze
the　regulations　of　the　genes　by　SYT　through　BRM，　Brgl　and　other　binding　proteins
for　understanding　synovial　sarcoma　development
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Experimental　procedures
Piasmid　construction　and　antibodies
SYT　mutant　cDNAs　fused　to　Gal4　DNA　binding　domain（DBD）were　inserted　in
EcoRI　and目ind　l聾sites　of　pCl－Neo（Promega）and　pGEiX23b（Amersham
Pharmacia　Biotech）．　Flag　tagged　SYT　mutants　also　are　constructed　with　pCMV－
Tag2（Stratagene）without　GAL4　DBD．　The　BRM　cDNA　was　inserted　in　EcoRI
site　of　pCl－NEO　and　Brgl　was　inserted　in　BamH】and　Xho　l　sites　of　pcDNA3．1
（hvltrogen）．　The　ATPase　mutants　of　BRM（K751A）and　Brg1（K785A）were　made
by　PCR，　they　were　sequenced　and　inserted　in　pcDNA3．1．　HA－tagged　BRM　and
Brgl　were　also　constructed　by　inserting　in　pcDNA3．1．　BAF47b　cDNA　was
i轟serted　in　BamHl　a自d　Sa目sites　of　pcDNA3．1．　pG51uc（Promega）contains　5
Gal4　binding　sites　and　the　adenovirus　malor　iate　promoter　upstream　of　fire刊y
luciferase　gene．　pRしTK（Promega）is　used　as　a　measure　of　transfection
efficiency　to　normalize　the　firefly　Iuciferase　values．　The　G　FP－SYTLVVT　expression
vector　was　constructed　by　inserting　i　n　Kpn　1　anCt　Not　1　sites　of　pQBI　25－fC2（WAKO
Chemical　USA，　inc）、　AntトGal4　DBD　antibody（Santa－cruz：sc－577）and　antトflag
an重ibody　M2（Sigma）were　purchased、
Cell　culture　re　orter　assa　and　ex　ression　of　human　BRM　and　Br　l　in　insect　cell
293T，　SW重3，　a目d　C33A　ce目s　were　maintained　in　Dulbecco’s　modified　Eagle’s
nledium（DMEM）．　Cells　were　grown　supplemented　with　tO％fetai　calf　serum．
G40t　cell　was　cultured　in　RPMl　MeCtium－1　64e（lnvitrogen）supplerれented　with　10％
oalf　seru醗．　Transfectlons　of　all　expression　vectors，　pG51uc　and　pRL－TK　were
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carried　out　using　by　LIPOFEC丁AMINE　PLUS　Reagent（lnvitrogen）．　After　36　hr　of
transfection，　the　cells　in　24　well　plates　were　washed　by　PBS　and　analyzed　for
luciferase　activities　in　triplicate　in　each　transfection　experiment　using　by　Dual－
Luciferase　Reporter　Assay　System（Promega）．　Sfg　insect　ceil　was　grown　in
Grace’s　lnsect　Medium（lnvitrogen）supplemerlted　with　tO％fetal　calf　serum．
Expression　procedure　of　human　BRM　or　Brgl　in　Sfg　insect　cell　was　performed
using　BAC－TO－BAC　Baculovirus　Expression　System（Invitrogen）．
GST　uli－down　assa
GST－Gal4－SYT　mutant　DNAs　were　transformed　in　BL21　pLys－S（Novagen）．
Bacteria［cells，　that　e）（pressed　GST　fusion　proteins　were　harvested　and
resuspended　in　buf「er　A［50mM　Tris－HCI（pH　7．5），1mM　EDτA，500mM　NaCI，
Protease　inhibitors］．　After　sonication，　the　iysates　were　centrifuged　for　30　min　at
8000rpm．　The　supernatants　were　incubated　with　Glutathione　Sepharose　4B
beads（Amersham　Pharmacia　Biotech）at　4℃for　l　hr　and　the　beads　were　washed
with　buffer　A　for　4　tirnes．　丁he　Sf9　cells　expressed　flag　tagged　BRM　or　Brgt　were
washed　with　PBS　and　resuspended　in　buffer　B　i10mM　Tris－HCI（pH　8．0），　tOmM
GIycerol，0．15M　NaCl，　O．1％Nonidet　P－40，5mM　2－Mercaptoethano塵，　Protease
inhibitorsl．　After　sonication，　the　lysates　were　centrifuged　for　30　min　at　15000rpm．
The　supernatants　were　incubated　with　30μ1　of　anti　flag　M2　Agarose（Sigma）at　4℃
for　overnight　and　washed　with　buffer　B　for　5　times．　Bound　proteins　were　eluted
with　buffer　B　containing　O．2mglml　of　flag　peptide（Sigma）．　The　elutes　were
旧cubated　with　GSTLbeads　irnmobilized　GST」Gal4－SYT　mutants　in　bu拝er　B　at　4℃
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for　4　hr．　The　beads　were　washed　with　buffer　B　withoUt　2－Mercaptoethanol　for　4
times　and　resuspended　in　sample　buffer．　The　bound　proteins　were　separated　by
8％SDS－PAGE（SDS－polyacrylamide　gel　eleCtrophoresis）and　anaiyzed　with　antト
BRM（sc－6450：San槍、－cruz）and　anti－Brgl（sc－8749：San七a－cruz）antibodies，
respectively．　The　ECL　System（Amersham　Pharmacia　Biotech）was　used　for
detection　on　RX－U　X－ray　films（Fuji）．
The　expression　vectors　of　flag　tagged　SYT　mutants（without　GAL4　DNA　binding
domain），　no　tagged　BRM　and　Brgl　were　transfected　to　293T　by　LIPOFECTAMINE
PLUS　Reagent．　After　36　hr，　the　celIs　were　washed　and　suspended　in　NP－40　Lysis
Bu行er［10mM　Tris－Hα（pH7．8），1％Nonidet　P－40，0．15M　NaC匪，1mM　EDTA，
Protease　inhibitorsl．　Then　lysates　were　centrlfuged　for　30　min　at　15000rpm．
The　supernatants　were　lncubated　with　30μi　of　anti刊ag　M2　Agarose　at　4℃for
overnight　and　washed　with　NP－40　Lysis　Buffer　for　4　times．　The　bound　proteins
were　detected　by　Western　blot．
lmmUnOflUOreSCenCe　miCrOSCO
Expression　vectors　of　GFP－SVT－WT，，　HA　tagged　BRM　or　Brgl　were　transfec重ed　in
SW13　using　same　method　of　immunoprecipitaion．　After　24　h吟the　cells　were
removed　to　chamber　slide，　incubated　more　24　hr，　fixed　wlth　3％formaldehyde　in
for　PBS　1　Omln．　After　washing　by　PBS，　the　ce網s　were　permeabi韮ized　with　O」％
Polyoxyehylene　Oc　tylphenyl　Ether（10）in　PBS　for　5　min，　and　washed　by　PBS．
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The　slide　was　incubated　in　Blocking　Buffer（2％Normai　swine　serum　in　PBS）for　20
min．　Cells　were　incubated　with　primary　antibody　for　overnight　at　4℃，　washed　by
PBS　3　times，　incubated　with　secondary　antibody　for　40　min　at　room　temperature，
As　primary　antibodies　were　we　used　anti－BRM（sc－6450　and　sc－6449：Santa－cruz），
anti－Brg1（sc－8749：Santa－cruz）．　As　secondary　an曲odies，　we　used　Rhodamlrle－
conjugated　donkey　anti－goat（sc－2094：Santa－cruz）．　Finally，　the　slide　was
mounted　with　DAP｛，　and　vlsualized　under　Leica　DM　IBD　microscope　with
appropriated　filters，　and　images　were　acquired　by　Leica　Qfluoro．
20
Acknowledgements
We　thank　Drs　Takashi　Obinata（Chiba　University），　Hideo　Iba（University　of　Tokyo），
Susumu　Hirose（National　lnstitute　of　Genetics　of　Japan）for　valuable　suggestions
and　for　providing　SW13　cell．　This　work　was　suppotted　in　part　by　the　program　for
Promotion　of　Fundamental　Studies　in　Health　Sciences　of　the　Organization　for
Pharmaceutical　Safety　and　Research，　Ministry　of　Education，　Culture，　Sports，
Science　and　Technology，　Japan．
21
Refe「ences
　Brett，　D．，　Whitehouse，　S，，　Antonson，　P．，　Shipley，　J．，　Cooper，　C．，　and　Goodwin，　G．
（1997）The　SYT　protein　involved　in　the　t（X；18）synovail　sarcoma　translocation　is　a
transcriptional　activator　ioca籠sed　in　nuclear　bodies．　Hロm．　MoL　Genet．6，1559－
1564．
　Clark，　J．，　Rocques，　P　J．，　Crew，　A．　J．，　et　al．（1994）ldentifica重ion　of　novel　genes，
8y7　and　SS）（involved　in　the　t（X；19）（pl　1．2；q11．2）translocation　found　in　human
synovial　sarcoma．　Nat．　Genθt．7，502－508．
　Crew，　A．　J．，αark，　J．，　Fisher，　C、，　et　aL（1995）Fusion　of　Sγγto　two　genes，　SSXI
and　SS．）〈12，　encoding　proteins　with　homology　to　the　Kruppel－associated　box　in
human　synovial　sarcoma．　EMBO　J．14，2333－2340．
　　de　Bruiln，　D．R．H．，　dos　Santcs，　N．R、，　Thilssen，　J．，　et　al．（200t　a）The　synoVial
sarcoma　associated　p　rotein　SYT　lnteracts　with　the　acu重e　leukemia　associated
protein　AF10．0ηoogeηe　20，3281－3289
　　de　Brulln，　D．R．H．，　Kater－Baats，　E．，日eveld，　M．，　Merkx，　G．，　and　Geurts　van
｝〈essel，　A．（2001　b）Mapping　and　characterization　of　the　mouse　and　human　SSi8
genes，　two　human　SS18－llke　genes　and　a　mouse　Ss18pseudogene．（～ytogenet．
Cell．　Genet．92，310－319．
　　DeCristofaro，　M．　F，　Betz，　B．　L，　Wang．　W．，　and　Weissman，　B．　E．（1999）
Alteration　of　hSNF5刀Nll1BAF47　detected　in　rhabdoid　cel口ines　and　primary
rhabdomyosarcomas　but　not　Wilms’tumors．　Oncogene　t　8，7559－7565．
　　DeCristofaro，　M．　F，　Be重z，　B．　L．，　Rorie，　C．　J．，　Reisrnan，　D．　N．，　Wang，　W．，　and
Weissman，　B．　E．（2001）Characterization　of　SWlISNF　Protein　Expression　in
22
Human　Breast　Cancer　Cell　Lines　and　Other　Malignancies．」．　CelL　Phys’oL　186，
136－t45．
　dos　Santos，　N．　R．，　de　Bruijn，　D．　R．　H．，　and　van　Kesse韮，　A．　G．（2001）Molecular
mechanlsms　underlying　human　synovial　sarcoma　devebpment　Gθηe5，
Chremosomes　Oaηoθ∫　30，1－14．
　　Eid，　J．　E，　Kung，　A．　L，　Scully，　R．，　and　Livingston，　D．　M　（2000）p3001nteracts
with　the　Nuclear　Proto－Oncoprotein　SYT　as　Part　of　the　ACtive　Control　of　CelI
Adhesion．0θ〃102，839－848．
　Gure，　A．0．，　Tureci，　O．，　Sahin，　U．，　et　al．（1997）SSX：Amultigene　family　with
several　members　transcribed　in　normal　testis　and　human　cancer．∬ηt．　J．　Cancer　72，
965－971．
　　Khavari，　P　A．，　Peterson，　C．　L，Tamkun，　J．　W．，　Mendel，　D．　B．，　and　Crabtree，　G．　R．
（1993）BRGt　contains　a　conserved　domain　of　the　SWI2／SNF2　farnily　necessary　for
normal　mitotic　growth　and　transcription．～atUre　366，170－174．
　　Kornberg，　R．　D．，　and　Lorch，　Y（1999）Twenty－Five　Years　of　the　Nucleosomes，
Fundamental　Particle　of　the　Eukaryote　Chromosome．0θ〃98，285－294．
　　Kuzmichev，　A．，　Zhang，　Y，　Erdj　ument－Bromage，　H．，　Tempst，　P．，　and　Reinberg，　D．
（2002）ROIe　of　the　Sin3－Histone　Deacetylase　Complex　in　GroWth　Regulation　by　the
Candidate了Umor　Suppressor　p33’NGi　MoL　Ceil．　Bio正22，835－848．
　　Lim，　F　L，　Soulez，　M．，　Koczan，　D，，　Thiesen，　H．　J．，　and　Knight，　J．　C．（1998）A
KRAB－re韮ated　domah　and　a　novel　transc巾哲on　repression　domain　in　protems
encoded　by　SSX　genes　that　are　disrupted　in　human　sarcomas．　Oncogθne　i　7，
2013－2018．
23
　　Muchardt，　C．，　and　Yaniv，　M．（1993）Ahuman　homologue　of　Saccharomycθs
cerevisiae　Sハfi「2浸∋Wt2～and　Drosoρhiia　b〃η　genes　pote　n重iates　transcriptional
aCtivation　by　the　glucocortlcoid　receptor．　EMBO・ユ12，4279－4290．
　　Muchardt，　C．，　Sardet，　C．，　Bourachot，　B．，　Onu事ryk，　C．，　and　Yaniv，　M．（1995）A
human　protein　with　homology　to　Saccharomyces　cerevisiae　SNF5　interacts　with
the　petential　helicase　hbrm，　Nuclθ’o　Acids　Res．23，11　27－1132．
　　Muchardt，　C．，　Reyes，　J－C．，　Bourachot，　B．，　Legouy，　E，　and　Yaniv，　M．（1996）The
hbrm　and　BRG－1　proteins，　components　of　are　human　SNF／SWI　complex，　are
phosphorylated　and　excluded　from　the　condensed　chromosomes　during　mitosis．
EルfBO　J　15，3394－3402．
　　Murphy，　D．　J．，　Hardy，　S．，　and　Engel，　D．　A．（1999）Human　SWi－SNF　Component
BRGI　Represses　Transcription　of　the　c－fos　Gene　Mol．　Cell．　BioL　19，2724－2733．
　　Nagai，　M．，Tanaka、　S．，　Tsuda、　M．、　et　aL（2001）Analysis　of　transforming　activity　of
human　synovial　sarcoma－associated　chimeric　proteln　SYT－SSXI　bound　to
chromatin　remodeling　factor　hBRM／hSNF2α．．　Proc．　Nati．　Aα聖d．　Sci．　USA　98，
3843－3848．
　　Pawson，　T（1995｝Protein　modules　arld　signaling　networks．　Nature　373，573－
580．
　　Stern，　M．，　Jensen，　R．，　and　HerskowitZ，1．（1984）Five　SレVl　Genes　are
Reqしlired　for　Expression　of　the　HO　Gene　in　Yeast　J．　Mot．8わ1－178，853－868．
　　Storlazzi，　C．一「，　Mertens，　F，　Mandahl，　N．，　and　et　a｛．（2003）　ANovel　Fusion
Gene，　SS18LS　ISSXI，　in　Synovial　Sarcoma　Geηes，　Chromosomes　Oaρoe’371
195－200．
24
　Strobeck，　M．　W．，　Knudsen，　K　E．，　Fribourg，　A．　F，　et　al．（2000）BRG－1　is　required
for　RB－mediated　cell　cycle　arrest．　Pr（）o．ノVati．ハoad．　Sci．｛ノSA　97，7748－7753．
　Thaete，　C．，　Bre廿，　D．，　Monaghan，　P．，　et　ai．（1999）Fun〔tionat　domains　of　SYT　and
SYT－SSX　synovial　sarcoma　translocation　proteins　and　co－localUation　with　the　SNF
protein　BRM　in　the　nucleus．〃um．ルfoノ．　Genet．8，585－591．
　Turc－Carel，　C．，　Dal　Cin，　P，　Li　mon，　J．，　et　al．（1987）lnvolvement　of　chomesome　X
in　primary　cytogenetic　change　in　human　neoplasia：Nonrandom　translocation　in
synovi創sarooma．　Proc．　Na　ti．ノl　cad．　Sci．｛」SA　84，1981－1985．
　Versteege，1．，　Sevenet，　N．，　L且nge，　J．，　et　al．（1998）Truncating　mu臓tions　of
hSNFsANll　in　aggressive　paediatric　cancer．　Na　ture　394，203－206．
　Vignati，　M．，　Hassan，　A．　H．，　Neely，　K　E．，　and　Workman，」．　L（2000）ATP－
Dependent　Chromatin－Remode師ng　Complexes．ルf（）tF　Ceff．　Biot．20，1899－1910．
　Wang，　W．，　Cote，　J．，　Xue，　Y，　et　al．｛1996）Purification　and　biochemical
heterogeneity　of　tl’｝e　mammalian　SWI－SNF　complex．　jEMBO　J　15，5370－5382．
　Zhang，　H．　S．，　Ga蛎n，　M．，　Dahiya，　A．，　et　al．（2000）Exit　from　GI　and　S　phase　of
the　Cell　Cycle　ls　Regulated　by　Repressor　Complexes　Cor建aining　HDAC－Rb－
hSWIISNF　and　Rb－hSW／SNF．　Cell　1伽，79－89．
25
Figures　legends
Flgure　1．　Schematic　structures　and　transcriptional　co－activator　activities　of　SYT
and　its　deletion　mutant　proteins．　（A）All　construmS　have　fused　to　the　Gal4　DNA
binding　domain（Gal4｝、　Numbers　indicate　the　amino　acid　pOsitions．　The　arrow
represents　the　position　of　translocation　to　SSXs　in　synovial　sarcoma．　The　SYT
protein　has　two　fUncdonal　domains；aconsenled　54　amino　acids　N－terminal
domain　and　a　C－terminal　domain　rich　in　glycine，　proline，　glutamine　and　tyroslne
（QPGY　domain）．　（B｝1了anscr董ptionai　activi哲es　of　Ga14－SY丁proleins　in　293T　cell．
pG51uc　reporter（0－25μg｝was　cotransfected　with　increasing　amounts（0」ng，0．5ng，
2ng，　IOng，0．1μg　and　O－5pg）of　Gal4－SYT－WT，　Gal4－SYT－A　and　Gai4－SYT－∈ln
293T　cell．　Luciferase　activity　in　the　cel口ysate　was　nommalized　with　Renilla
luc甘erase　aCtivity　of　pTKrRL　as　an　internal　controL　丁he　acdVity　in　the　presenCe　of
pG51uc　and　pGal4－DBD（Gal4　DNA　binding　domain　alone）was　set　at　t．　The
amounts　of　expressed　products　of　O．1四and　O．5ptg　of　Gat4－SYT・WT（lanes　l　and
2＞，Gal4－SYTLA（lanes　3　and　4）and　Gal4－SYT」E（lanes　5　and　6＞were　detected　by
anti－Gal4DBD　a口tibody．
Figure　2。　InteraCtions　of　the　N－terminal　70　amino　acids　of　SYT　with　BRM　and
Brg1．　（A）Comparison　between　the　region　of　BRM　bound　to　SYT（Nagai　e匙
al．200i）and　the　homology　domain　of　Brgl．　The　bo）（es　highlight　the　amino　acids
that　exhibi重identity（shaded）or　homology（open）．　（B，　C）Beads　bound　to　GST－
Gal4，　GST－Gal4－SY了LA（amino　acld　residues　l　to　t　80），　GST－Gal4－SYT－B（amlno
acid　residues　l　to　70）or　GST－Ga14－SVr－C（amino　acid　residues　71　to　180）were
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incubated　with　the　purlfied　BRM　or　Brgt　The　bound　pro重elns　were　separated　by
SDS－PAGE　and　detected　by　anti－BRM（B）or　an振一Brg1（C）antibOdy．　Lane　l
indicates　the　input　purified　BRM　or　Brgl　protein．　Lanes　2　to　51ndicate　fractions
unbound　to　GST－－fusion　proteins．　Lanes　6　to　g　lrldlcate　frac縮ons　bound　to　GST－
fusion　protelns．（D）SYT－WT　was　bound　to　BR　M　and　Brgl　though　its　N－term桐al
domain　in　cultUred　ceii．　Flag　tagged加聾一length　SYT（SYT」WT）or　its　N－terminal
deletion　mutant｛SYT」D）was　cotransfected　wltれBRM　or　Brgl　into　293T　ce1L　FIag
tagged　S　YT　was　immunoprecipitated　by　anti。flag　antibocty　M2　conjugated　agarose，
the　bound　protelns　were　washed　and　dete（オed　by　an誓一BRM　or　an哲一Brgt　antibody．
The　cells　were　transfected　with　vector　oRly（lanes　l　and　5），　BRM（｛ane　2），　BRM
and　flag－SY「r－WT（lane　3），　BRM　and　flag－SYT－D（lane　4），　Brg1（lane　6），　Brgl　and
flag－SYT」WT』ilane　7）and，　Brgl　and　flag－SY丁」D（lane　8）．　The　amounts　of
expressed　products　of　SYτ」WT（lane　11）and　SYTLD（lane　12）were　detected　by
anti－flag　antibody．　（E）SYT　protein　coloca髄zed　with　Brgl　and　BRM　in　cultUred　cell．
Panel　a－d；GFP－SYT－WT　and　Brgi　were　cotransfected　in　SW13　cell．　Signa｛s
were　detected　by　GFP　autofluorescence（a），　indirect　lmmuno刊uorescence　with
antトBrgt　antibody（b），　overlay（c）and　DAPI（d）．　Merged　signals　showed
colocalization　of　SYT　and　Brgt　in　nuclear　speckles．　Panel　e－h；GFP－SYT－VVT　and
BRM　were　ootransfected　in　SW13　cell．　GFP－SYT－WT　was　detected　by
autefl　uo　rescence（e），　indirect　immunofluorescence　with　anti－BRM　antibody（言〉，
Overlay　pane1（g）and　DAPI（h）．　BRM　also　colocalized　with　SYT　in　nuclear
speckles　as　same　as　Brgl．
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Figure　3，　Analysis　for　the　transcriptional　co－aetivator　act｝vities　of　SY丁using　BRM
and　Brgl　deficient　oells．　（A）The　activities　of　the　full－length　SYT　and　its　deletion
mu宅ants　in　SWI3　cell．　The　pG51uc　reporter（O．25pg）was　cotransfected　with
increasing　amounts（1　ng，5ng，10ng，20ng）of　Ga韮4－SYT－WT，　Gal4－SYT・－A　and
Gai4－SY“1「－E　jn　SW．　13　ce｝1　that　express　undetectable　levels　of朗M　and　Brgt　（B，
C）TわeSYT　a醐y囎s　represseCt　by　addition　of　B只M　or　Brgl　in　SW13　cell、
The　pG51uc　repor田r｛e．25μg）was　cotranstected　with　Gal4－SYT－WT（O．A　ptg）m
SW13　ce鑓．　lncfeasing　amounts（0μg，　O．1μg，0．5ptg）｛）f　BR麟」pαN　or　Brg1－
pcDNA3．t　were　cσtra携s葦㏄皇ed．（D，　E）The　repression　o奮SYT　ac誓vity　by　BRM　and
B塔gt　was　dependen至on　the　N－terminal　domain　of　SYτ　The　pG51uc　reporter
（O．25μg＞WaS　CetranSteCted　Wlth　Gal4－SYT－E（0．｛μg｝and　Gal4－S　YT－F（Ojμg）in
C33A、　BRMBfgl　db歪｝CieRt　ce垂1．　｝ncreasing　amounSs（0μg，　G．喋μg，0．5ptg｝6f　BR．　M
（P）or　Brg1（E）e）（pression　veCtOrs　were　cotransfected・
’Figure　4．　Represslon　of　SYT　transcription．　at　activity　by　BRM　and　Brgl　was
dependent　o　n　BAF47b，　whic短s　anothef．subunit　of　S　WIIS　NF　cor叩lexes，　and　on
ATP－hydrolysis　of　BRM　or　Brgl．　（A）SYT－VVT　has　a　strong　transcriptional　actMty
in　BAF47b　nega錘ve　cell（G401）and　the　actWity　was　repressed　by　add瀬on　o重
BAF47b．　The　pG51uc　reporter（0．25μg）was　cotranstected　w噛the　increasing
amoun重s（O．Ol　pg，0．05μg，　O．iptg）of　Gai4－SYT」WT　in　G401　cell．　　BAF47b
represses　S　YT　transcriptional　activlty．　The　pG51uc　reporter（0．25魑g）was
cotransfected　with　Gal4－SY下VVT（0．1μg）in　G401　celL　lncreasing　amounts（〇四，
0．Olμg　and　O．1μg）of　BAF47b－pcDNA3．1　were　cotransfected．　（B，　C）SYT
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transactivation　activity　was　not　repressed　by　ATP－hydrolysis　deficient　mutants　of
BRM　and　Brg1．　The　pG51uc　reporter（0．25μg）was　cotransfected　with　Ga14－SY丁一
WT（0．1μg）in　SW13　cell．　lncreasing　amounts（0．1μg，0．5μg）of　wild　type　BRM
（BRM－WT）　and　ATP－hydrolysis　deficient　BRM　［BRM－ATPase（一）1　were
cotransfected，　and　the　products　of　BRM－WT（lanes　2　and　3＞and　BRM－ATPase（一）
（lanes　4　and　5）were　detected　by　anti－BRM　antibody（B）．　lncreasing　amounts
（0．1μg，0．5四）of　wild　type　Brg1（Brgl－WT）and　ATP－hydrolysis　deficient　Brg1
［Brgl－A丁Pase（一）】were　cotransfected，　and　the　products　of　Brg　A－WT（lanes　2　and　3）
and　Brg1－A丁Pase（一）（lanes　4　and　5）were　detected　by　anti－Brgl　antibody（C＞．
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